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CLINICAL AND EXPERIMENTAL 


AN ANALYSIS OF THE BLOOD PICTURE IN 100 CASES OF 
MALIGNANCY* 


Maurice Morrison, M.D., Brookiyn, N. Y. 


HIS study was undertaken to determine, insofar as possible, the presence 
or absence of a definite blood picture in malignant disease; and if such is 
present, to determine whether it is constant enough to be of clinical value. 
One hundred consecutive cases were chosen for this purpose (Table I). The 
diagnoses of malignancy were confirmed by biopsy, autopsy, x-ray, or surgical 
exploration. The hematologic observations comprised : 
a. Bleeding time and clot retraction time 
b. Tourniquet test 
e. Platelet count 
d. Coagulation time (capillary pipette method) 
ec. Hemoglobin percentage (Dare) 
f. Erythrocyte count 
g. Color index 
h. Leucocyte count 
i. Differential count 
. Red cell morphology including reticulation 
. Fragility test 

In the differential study, special attention was paid to the neutrophiles, 
the relation of the number of band forms, and the presence or absence of 
eosinophiles. 

Bleeding Time and Clot Retraction Time.—The bleeding time was carried 
out by Duke’s method. Caution was observed in an effort to prevent undue 
laceration of the skin and underlying vascular structures. The normals ob- 
served in our laboratory, varied from one to three minutes. <A bleeding time, 
therefore, of over three minutes was considered abnormal. 

*From the Department of Pathology, Division of Haematology, Jewish Hospital of 
Brooklyn, Dr. Max Lederer, Director. 
Received for publication, November 9, 1931. 
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This test was done on 73 cases. From the standpoint of duration of 
bleeding time, the cases can be classified into three groups. The first (bleeding 
time between five and thirty seconds), consisted of 39 cases or 55 per cent of 
the total in this series. The second (bleeding time between thirty-one and 
fifty-nine seconds), consisted of 10 cases, or 7 per cent. The third group 


TABLE I 


CLASSIFICATION OF CASES STUDIED 


Carcinoma of stomach 
Carcinoma of colon 
Carcinoma of pancreas 6 cases 


2 cases 
5 cases 


he io 


Carcinoma of gall bladder 4 cases 
Carcinoma of tongue 2 cases 
Epithelioma of lip 1 case 
Carcinoma of lung 15 eases 
Carcinoma of breast 8 cases 
Carcinoma of uterus 2 eases 
Carcinoma of ovary 3 cases 
Carcinoma of prostate 1 case 
Carcinoma of bladder 1 case 
Adenocarcinoma of urethra 1 case 
Ilypernephroma of left kidney 1 ease 
Adenocarcinoma of right kidney 1 case 
Lymphosarecoma 7 cases 
Sarcoma (including retroperitoneal) 5 eases 
Carcinoma of tonsil 1 ease 
Carcinoma of thyroid 1 ease 





Metastatic carcinoma of bones 3 cases 


(bleeding time one minute or over), numbered 24 cases, or 33 per cent. In 
the latter group, was a case of cervical lymphosarcoma, in which the bleeding 
time was four minutes (Case 63). Thus, the observations of Bock and 
Rausche' who could find no special alterations in the bleeding time in their 
series of 13 cases of carcinoma, were not confirmed. It is significant, also, that 
two-thirds of malignant cases presented a bleeding time of less than one 
minute; and that a prolonged bleeding time such as cited by Rawitsch and 
Warschawskaja,? was not observed. 

~ The etiologic factors responsible for the lack of bleeding tendency in 
malignant conditions, are as follows: increased or normal number of platelets, 
leucocytosis, and good clot retraction (determined by capillary method), all 
of which were revealed in this study. In none of the cases was there present 
a deficient clot retraction. This observation is confirmed by the experimental 
work of Van Allen,* who in a study of the relationship between clot retraction 
time and tumors in rabbits, found an increased clot retraction rate as the 
tumors grew and a normal rate as the tumors receded. 

Tourniquet Test.—The tourniquet test in malignancy is almost always 
negative in the 100 cases studied.. The test was performed as follows: Pres- 
sure ranging between 100 and 120 mm. of mercury was applied about the arm 
as in taking a blood pressure reading. After three minutes the cuff was re- 
moved. A reaction was considered positive when there were present petechial 
spots about the bend of the elbow anteriorly or posteriorly. In but one ease 
of this series, a patient with carcinoma of the prostate with metastasis to the 
reaction (1-5 petechiae). The 


‘ ~? 


‘one-plus 


rectosigmoid (Case 66), was there a 
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bleeding time in this case was forty-five seconds, coagulation time seven 
minutes and twenty seconds, the platelet count 250,000 per ¢. mm. In all the 
other cases tourniquet test was negative. 

It is of interest to point out in this connection, that in one instance, a 
patient with carcinoma of the lung (Case 98) presented purpurie spots over 
his chest and abdomen. On neeropsy, widespread metastasis into many organs 
including the bone marrow, were demonstrated. The platelet count was 
250.000 perc. mm. This lesion may have been a preagonal event as indicated 
by Hayem* or part of the picture of cardiae decompensation which the patient 
presented, giving rise to increased capillary permeability. The tourniquet 
test was negative. Rawitsch and Warschawskaja* report a markedly positive 
Rumpel-Leede phenomenon together with a thrombocytopenia (platelets 30,000 
per ¢. mm. and increased bleeding time of seventeen minutes) in one case. 

Platelets -—Thrombocytes were estimated in 80 cases by the sodium citrate 
method of Ottenberg and Rosenthal. In but two instances, the platelet count 
was less than 150,000 per ¢ mm. Three cases showed counts above 500,000 
perc. mm. The remainder of the series (95 per cent of the cases) showed 
counts varying from 150,000 to 400,000 per ¢. mm. These observations indicate 
that thrombocytopenia is uncommon in malignancy. In one case of carcinoma 
of the stomach (Case 29) a count of 140,000 platelets per ¢. mm. were found; 
this patient also presented a leucopenia (5800) and a hemoglobin of 32 per 
cent. In another instance (Case 37), a patient with sarcoma of the right 
arm, showed a platelet count of 136,000 per ¢. mm. on admission. One month 
later the thrombocytes dropped to 60,000 per ¢«. mm. This phenomenon may 
have been due to x-ray treatment given one month previous to admission or 
to the progressiveness of the neoplasia, with a consequent effect on the 
megakaryocytes of the bone marrow. A search of the literature reveals but 
rare instances in which thrombocytopenia was an accompaniment of malig- 
naney. Johann Cohen’ reports a case of metastatic carcinoma of the bone 
marrow with persistent thrombocytopenia. Similar cases have been described 
by other authors.® 7% % 1% 112,134 These cases, however, are exceedingly 
rare. Naegeli'® states that the platelet count in carcinoma is always high. 
Rud'* has made similar observations. Hayem* found that the platelets di- 
minished preagonally. In-this series of cases a preagonal decrease of platelets 
was not found. 

Thrombocytosis, as indicated above, is by far the most outstanding finding 
in malignancy. The marked tendency to nonmalignant thrombosis in car- 
cinoma is ascribed by Naegeli'® to this factor. In our series, three cases stand 
out prominently in the intensity of the platelet response. In a case of adeno- 
carcinoma of the transverse colon (Case 75), there was a platelet count of 
510,000 per c. mm. In the second ease, one of early carcinoma of the breast 

Case 77). and in the third case, one of carcinoma of the colon (Case 94), there 
were 720,000 platelets per ¢. mm. 

Rud'* in a study of 40 cases of cervical carcinoma, found an average count 
of 463,000 per c«. mm. In half of the cases it was above 450,000 per ¢. mm. ; 
in the others, it ranged between 280,000 and 450,000 per c. mm., the maximum 
being 842,000 per ce. mm. He believes that the factor which causes the anemia 
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contributes to the cause of the thrombocytosis and that the latter tends to in- 
crease with the gravity of the lesion. One cannot agree with this dictum, for 
in the three cases in this series, cited as having the highest platelet counts, 
none showed evidence of metastasis or other criteria of marked invasiveness. 

Coagulation Time.—The coagulation time was determined in 71 cases and 
was found to be within normal limits or only slightly reduced. The normals 
varied from four to ten minutes. In only 11 cases was the coagulation time 
over seven minutes. The longest coagulation time was nine minutes. This 
was in a case of perforating carcinoma of the stomach (Case 81). The average 
coagulation time was approximately four and one-half minutes. Bock and 
Rausche' were unable to find significant changes in their study. Rud" in a 
study of 40 cases of cervical carcinoma, found a constant and considerable 
reduction in coagulation time. This series does not present evidence of marked 
acceleration of coagulation, and-it may be concluded that there is no deficiency 
in coagulation. 

The tendency to inereased or normal coagulability of the blood of indi- 
viduals suffering from malignant disease, may be ascribed to the normal re- 
sistance of the platelets as well as to their increased number, the latter liberally 
supplying thromboplastic substance. In a similar way, leucocytosis plays a 
prominent part as a source of available factors necessary in the process of 
coagulation. An increase of blood fibrinogen may be another factor aiding 
coagulation, as was pointed out by Rud."* 

It may be of interest to point out at this time, that radium therapy favors 
rapid coagulation. This observation was made by Parinov'® in a study of 40 
eases of carcinoma of the uterus, following radium therapy. 

Hemoglobin.—The hemoglobin estimation (Dare) was made in 99 eases, 
which were divided arbitrarily into three groups: Group 1 (Hb. 50 per cent 
or below) made up 43 per cent of the cases, Group 2 (Hb. 51 to 64 per cent) 25 
per cent of the cases, Group 3 (Hb. 65 per cent or above) 32 per cent of the 
cases. 

The hemoglobin in malignancy, therefore, presents two extremes. The 
lowest readings which were found in about half of the cases were most fre- 
quently met with in malignancy of the gastrointestinal tract; gastric involve- 
ment yielding an average of 38 per cent hemoglobin, and carcinoma of the 
colon, an average of 50 per cent hemoglobin. The higher readings were ob- 
tained in pulmonary and breast malignancies, the former showing an average of 
67 per cent and the latter 69 per cent hemoglobin. The sarcomas had a lower 
range of hemoglobin than that shown in the cases of pulmonary and breast 
neoplasm, averaging approximately 56 per cent. 

As pointed out above, 16 cases in Group 3 showed a range of hemoglobin 
between 75 to 95 per cent. It may be useful to enumerate the instances in 
which these findings were obtained even though they be isolated cases: Car- 
cinoma of the lung (5 eases), of the breast (4 cases), of the stomach (2 eases), 
of ovary (1 case), of tongue (1 case), adenocarcinoma of the urethra (1 case), 
carcinoma of the rectum (1 case), and of tonsils (1 ease). With esophageal 
involvement the blood picture of carcinoma of the stomach is altered by a 
tendency to erythrocytosis and increase in hemoglobin. Deficient fluid in- 
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take in these cases may be responsible for the relative polyeythemia and by 
the same token a relative hemoglobin inerease!® due to blood concentration. 
The hemoglobin and red cell estimations in these cases bear out this point. 
Case 17 had a hemoglobin of 80 and an erythrocyte count of 5,600,000 per 
e.mm. Here esophageal involvement was suggestive but not demonstrable by 
x-ray. Case 35 showed a hemoglobin of 79 per cent and a red cell count of 
4,950,000 per ec. mm. In this instance, esophageal involvement was demon- 
strable. None of the other cases in the gastrie series presented evidence of 
esophageal involvement. On the other hand, Cabot?° in a study of 72 cases 
of gastrie carcinoma, reported 19 in which the red blood cell counts were 
5,000,000 per ec. mm. or over. The esophageal involvement in that series was 
not discussed but nevertheless may have been present, and not noted. 

Another point worthy of note, is the evident disparity between the hemo- 
globin as compared to the erythrocyte readings. For example, Case 4, a pa- 
tient with carcinoma of the hepatie flexure of the colon, yielded a hemoglobin 
of 18 per cent and a red cell count of 4,000,000 per e. mm. Similar findings 
were by no means uncommon in this series, having been found in half the 
‘ases. This fact was also observed by Eisen'® in a study of 353 cases. He 
attributed the high erythrocyte values in carcinoma of the respiratory pas- 
sages and the esophagus, as possibly due to a masking of the anemia in the 
first instance by a concentrating effect upon the blood serum of a prolonged 
interference with water ingestion. He also found a rise in red blood eell and 
hemoglobin value in patients whose lesions were of longer duration. This 
finding may be true of malignancy in general but certainly does not hold true 
for neoplasm of the colon as indicated above. He stressed the fact that 
hemolysis and aplasia of the bone marrow did not play a part in the produe- 
tion of anemia in cancer. He was convinced that the anemia of malignaney 
bore no relation to the age of the patient and was unable to find any effect on 
the anemia by therapeutic measures. The most severe anemias, he asserted, 
occurred in carcinoma of the stomach. This series corroborates his findings. 
He further stated that adenocarcinoma was associated with greater average 
degree of anemia than the scirrhus, colloid, or simple carcinoma, because of 
the greater tendency to hemorrhage, ulceration and infection, as_ well 
as higher average grade of malignancy. He found no definite relationship be- 
tween the extent of involvement or degree of dissemination and the degree of 
anemia. 

Anemia.—A search of the literature presents confusion in the use of the 
term anemia, especially as applied in the study of malignancy. Some use the 
term anemia to express a depression in hemoglobin below the normal figuves ; 
others to indicate a paucity of erythrocytes, and still others, a low color index. 
It is apparent, therefore, that the term anemia is too general, and frequently 
ambiguous. For this reason it was found expedient to employ more specifie 
terms, namely erythrocytopenia, to indicate a low red eell count and 
hemoglobinopenia, a low hemoglobin value. 

The first effect on the red cells in malignaney appears to be a hemoglo- 
binopenia with normal or increased erythrocytic values. The second change if 
the malignaney progresses, is an increase in the hemoglobinopenia with a 
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beginning erythrocytopenia. If the process lasts long enough, there is a 
further reduction of the hemoglobin and erythrocytic values. In this last 
phase, there may be an imbalance in the rate of destruction and production 
of hemoglobin and red eells, tending to inerease the color index. In the 
third phase, the result of imbalance such as mentioned above, may be 
either a low or high color index. It is this latter group of cases that may 
offer great difficulty in differentiating malignancy from true Addisonian 
pernicious anemia. 

~ Anemia in malignancy does not necessarily depend on actual metastasis 
but may be present even in the absence of the latter. It may be due to another 
factor, such as a specific carcinomatoxin, which affects the bone marrow. If 
one accepts this specific nature of the carcinoma substance as responsible for 
the changes in the bone marrow, one cannot accept the dictum of Isaaes** that 
the presence of anemia in the absence of bleeding suggests metastatic bone 
marrow involvement. Piney” states: ‘‘Although the ordinary anemia of 
cancer is not dependent upon the presence of metastasis in the bone marrow, it 
is dependent upon changes in that organ. The chronic anemia of protracted 
eases of carcinoma leads to increase in the amount of red cellular marrow in 
the bones.’’ One must agree with Piney*' that ‘‘The essential feature in car- 
cinoma is the evidence of grave disturbance of the erythropoietic organs, while 
in addition there appears to be some interference of a stimulating nature aet- 
ing under leucopoietic mechanism. The latter results in the leucocytosis 
which is a well known concomitant of malignancy and was mentioned by 
Alexander** as far back as 1878. Contributing factors in the production of 
anemia, are excessive radiation and nutritional disturbances from inability 


’? 


to swallow, retain or digest food. 

It has been found that radium treatment increases the hemoglobin'® but 
has no influence on the red cells. This fact offers a ready explanation for 
the presence of a high color index following radium therapy in malignancy. 

Erythrocytes.—The erythrocytes were enumerated in 100 eases, the latter 
divided into three groups. In Group 1, which consisted of 13 per cent of the 
cases, red cells were below 3,000,000 per ¢. mm. In Group 2, 64 per cent of 
the cases, the red cells ranged between 3 to 5,000,000 per ¢. mm. In group 3, 
23-per cent of the cases, the red cells were over 5,000,000 per ¢. mm. It is ob- 
vious, therefore, that about two-thirds of malignant cases show a slightly de- 
pressed or almost normal red cell count (3 to 5,000,000 per ¢. mm.), one-eighth, 
a moderately depressed count (below 3,000,000 per ¢. mm.) and one-fifth, 
normal or increased count (over 5,000,000 per ¢. mm.). 

The lowest counts in Group 1 were, in a case of carcinoma of the stomach 
(Case 51) with 1,440,000 red cells per ¢. mm., and in a case of adenocarcinoma 
of the uterus (Case 1) with 2,000,000 per ¢. mm. All the others in this group 
were above 2,000,000 per c. mm. Cases with less than 1,000,000 cells per ¢. mm. 
are rare, according to Naegeli.!° The highest count in Group 3 was found 
in a carcinoma of the head of the pancreas (Case 91), with 6,220,000 red 
cells per ¢. mm. “Cases with lesions in the stomach yielded the lowest number 
of red cells (average 3,690,000 per ¢. mm.) whereas those with lesions in the 
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colon, lung, breast, pancreas, and sarcomas, yielded the higher figures; the 
average range being 4 to 5,000,000 red cells per ¢. mm. 

It is interesting to note that higher red cell and hemoglobin values were 
found in cases with involvement of the left side of the colon, than in those 
with involvement of the right side. The average count in cases with lesions 
of the left side of the colon was 4,860,000 red cells per ¢. mm., while in those 
of the right side, the average was 3,580,000 red cells per ¢. mm. The average 
hemoglobin percentage in cases with lesions of the right side of the colon was 
31.5, whereas in left-sided lesions, it was 70. These results are in accord with 
the findings of Prickman** and Alvarez, Judd, MacCarty and Zimmerman.** 
The latter have studied varying degrees of anemia produced by carcinoma in 
different parts of the colon in a series of 1168 cases. They coneluded that 
carcinoma of the cecum and ascending colon had a greater tendency to produce 
anemia than that of the transverse and descending portions. They stated: 
‘The gradation cannot be explained by greater loss of weight, more severe 
hemorrhage, or differences in malignaney; the essential factor in the produc- 
tion of anemia is the presence of a large ulcerated area from which blood 
oozes and through which bacteria enter. As the tumors grow, until they cause 
obstruction, those developing in the regions of the greatest diameter will 
become largest before the symptoms of obstruction appear. The diameter of 
the colon decreases from about 6 em. in the cecum to 24 em. in the sigmoid; 
hence, the greater anemia in carcinoma of the proximal colon.’’ 

Color Index.—The color index is the weakest link in the chain of hemato- 
logic evidence. It must of necessity be of minor diagnostic importance be- 
cause it depends upon factors which are constantly variable. The estimation 
of the color index depends. upon the estimation of the erythrocyte count, the 
hemoglobin determination, and the personal equation. The hemoglobin 
estimation is notoriously unreliable because of the lack of equally standardized 
hemoglobinometers in general use. The personal equation is a great factor, 
for it cannot be denied that these findings are more reliable when done by 
specially trained workers than when performed in a desultory routine fashion. 

For these reasons, the estimation of the color index loses its value in the 
differential diagnosis between pernicious and perniciouslike anemias. It there- 
fore becomes necessary to study the morphology of the red cells, i.e., the 
presence or absence of macrocytes rather than to depend upon the color index 
alone. The latter becomes of value as confirmatory evidence only when 
morphologic changes in the red or white cells are definite. That is, when 
marked anochromasia and hypochromasia are found, a low or even high color 
index, indicates a secondary anemia. However, a marked macrocytosis points 
to pernicious anemia despite the fact that the color index does not exceed 
unity. This is true especially when there are corroborative findings in the 
rest of the blood picture. This consideration becomes exceedingly important 
in the blood picture in malignancy. Difficulties are encountered in the dif- 
ferential diagnosis between gastric carcinoma and pernicious anemia.'® These 
difficulties can be avoided by adopting morphologic criteria as a primary con- 
sideration, rather than the color index routinely performed. In other words, 
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the color index should not be regarded as the ultimate dividing line between 


pernicious, secondary, and perniciouslike anemias. It is noteworthy that out 
of the 100 cases of this series, 17 showed a high color index and in only one 
of these was macrocytosis present. 


The average color indexes accompanying lesions in the various organs are 


as follows: colon, 0.57; stomach, 0.61; lungs, 0.75; breast, 0.76; pancreas, 
0.72. The lowest color index was 0.22, in a case of carcinoma of the hepatic 
flexure of the colon (Case 42). The highest color index 1.2 was obtained in a 
patient with adenocarcinoma of the uterus (Case 1). 

Baradulin*® in a study of 81 cases, found one with a color index above 
one and three with a color index of one. Parinov'’ pointed out that radium 
therapy tends to raise the color index so that even a low color index may be 
increased to normal or above. He also ealled attention to the facet that in 
‘arcinoma of the uterus, a color index of over 1.8 after radium therapy was a 
bad prognostic sign. 

Red Cell Morphology.—tIn studying the changes in morphology of the red 
cells in this series, the following conditions were encountered: anisocytosis, 
poikilocytosis, polychromasia, microcytosis, macrocytosis, anochromasia, hypo- 
chromasia, normoblastosis, and reticulocytosis. To facilitate recording these 
changes, the following scheme was adopted: In describing anisocytosis for 
example, the finding of 3 to 5 anisocytie cells per hundred red blood eells 
was designated as slight or ‘‘one plus,’’ 5 to 10 per hundred red blood cells, 
moderate or ‘‘two-plus,’’ 10 to 15 per hundred red blood cells, marked or 
‘‘three-plus,’’ and 15 or over per hundred red blood cells, very marked or 
‘‘four-plus.’’ The other changes, poikilocytosis, polychromasia, ete., were 
recorded in a similar manner. The normoblast value was determined by 
noting the number of these cells encountered in doing a differential count of 
100 leucocytes. , 

Anisocytosis—Anisocytosis presented itself in 32 cases or 32 per cent of 
this series. In 26 cases, the reaction was slight; in 5, moderate, and in 1, 
marked. One-third of the cases in this series showed varying degrees of this 
change. Eighty-one per cent of the cases that showed anisocytosis, showed it 
to a slight degree. Anisocytosis then is a relatively uncommon finding in 
the blood changes in malignancy. An interesting observation is that in 13 
instances, anisocytosis was associated with metastases. 

Poikilocytosis.—Poikilocytosis was encountered in 19 eases or 19 per cent 
of this series. Slight changes were found in 13 eases. In 5 instances, there 
was a moderate, and in one instance, a marked poikilocytosis. Metastases were 
encountered in 4 cases. 

Polychromasia.—Polychromasia was present in 5 cases of this series, in 4 of 
which the change was slight, and in one, moderate. No metastases accompanied 
this change. 

Microcytosis—Microeytosis was present in 24 cases or 24 per cent of this 
series. In 17 cases there was a slight change; in 5, a moderate change, and in 
2. amarked change. Metastases were associated in 9 instances. Naegeli’ 
observes that carcinoma presents a secondary anemia with low color index 
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and small pale red blood cells. This finding was not confirmed inasmuch as 
microcytosis was a finding in only 24 per cent of this series of cases. 

Macrocytosis.—Macrocytosis was present to a slight degree in only 9 cases’ 
of this series. Naegeli’® has observed macrocytes mostly of the polychromatie 
variety in marked regeneration although the picture of secondary anemia was 
still outspoken. He further observed that carcinomas with a high color 
index accompanied by macrocytes and normoblasts always speaks for bone 
marrow metastasis. However, metastases were associated in but three in- 
stances, in only one case of which (Case 76) could involvement of the bone 
marrow be demonstrated. 

Anochromasia.—This term has been defined by Watkins*’ as the absence 
of hemoglobin in the center of the red cells which give them a doughnut ap- 
pearance, with a relatively rich rim of hemoglobin at the periphery in contra- 
distinction to hypochromasia which designates a general pallor of the entire 
cell without reference to dellae formation. This change was present in greater 
frequency than any of the others, being present in 52 cases or 52 per cent of 
this series. There were slight changes in 19 cases, moderate in 18, marked in 
14, and very marked in one. It appears from these observations that 
anochromasia is the most constant morphologic change of the red eells in 
malignaney. Metastasis was associated with polychromasia in 20 instanees. 

Hypochromasia.—This was found in 33 eases or 33 per cent of this series. 
The change was slight in 21 eases, moderate in eases, and marked in 3 eases. 
These changes were associated with metastases in 10 instances. 

Normoblastemia.—Six cases in this series contained normoblasts in the 
peripheral blood. They were found in the following instances: Case 1, car- 
cinoma of the stomach with 9 normoblasts per hundred white blood eells; 
Case 29, earcinoma of the stomach with 1 normoblast per hundred white blood 
cells; Case 54, lymphosarcoma with 1 normoblast per hundred white blood 
cells; Case 78, carcinoma of the uterus; and Case 98, carcinoma of the lung 
with 1 and 5 normoblasts per hundred white blood cells respectively. In this 





group, bone marrow metastasis was demonstrable in but one case (Case 98). 
General metastases were present in two instances. 

Reticulation.—Reticulocytosis was present in 36 cases or 56 per cent of 
this series. It was slight in 31 instances and moderate in five. .\ moderate 
inerease in reticulation was found in the following instances: Carcinoma of 
the breast, 2 eases; carcinoma of the uterus, 1 case; carcinoma of the stomach, 
| case; metastatic carcinoma of the bone, 1 case. Metastases were encountered 
in 18 instances. 

Changes in Red Cell Morphology and Their Relation to Metastasis —Oba™* 
in a study of sarcoma in rabbits, concluded that an increase in the myeloid and 
normoblastie elements accompanied by anisocytosis and polychromasia, indi- 
cated advancement of the lesion. No such conclusion could be drawn from this 
series. In but two of the cases which presented normoblastemia, was the pres- 
nee of metastasis demonstrated. However, one cannot deny the observation by 
Naegeli?® that high erythroblast counts are associated with signs of bone mar- 


row involvement by careinoma. Furthermore, it has been shown by Naegeli’® 
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that metastasis may be present in the bone marrow without concomitant blood 
changes. This would explain the Indeterminate group of blood pictures ob- 
served in this series. Similar cases were observed by Hirsehfeld.'* Zadek and 
Sonnenfeld*’ reported two cases of prostatic carcinoma in which bone metastasis 
of the osteoplastie variety was found without the presence of normoblasts. 
There were, however, other changes im the blood indicative of bone marrow 
metastasis, namely, leucopenia and relative lymphocytosis, corresponding to the 
infiltrative or destructive groups to be described in this series. 

It will be noted from the foregoing, that the frequency of metastasis was a 
more or less incidental feature in association with changes in red cell morphology. 
What relationship there exists between metastasis and changes in red cell mor- 
phology could not be determined. It appears that metastasis is associated with 
varying degrees of changes in red cell morphology, the most prominent being 
reticulocytosis, anisocytosis, and. anochromasia; the less prominent being micro- 
cytosis, and hypochromasia. The study did not reveal any prominent associa- 
tion between normoblastemia, polychromasia and metastases. The reason may 
be twofold. In the first place, their low incidence in this series (polychromasia 
was present in 5 per cent and normoblastemia in 6 per cent of this series) does 
not permit one to draw general conclusions, and secondly, it is possible that 
although metastases may be present, they may not be demonstrable or relatively 
seant. 

Fragility Test—Mitrovich® in an investigation of 23 cases found no sig- 
nificant changes in the resistance of erythrocytes in malignant conditions to 
hypotonic saline. The test was performed in 5 cases. In two cases hemolysis 
began at 0.42 and was complete at 0.30. In one case it ranged from 0.44 to 0.54, 
and another case, from 0.42 to 0.32. In the last case, hemolysis began at 0.35 
and was complete at 0.30. These results may be considered normal except for 
the latter instance in which it must be assumed there was a diminished fragility. 
However, conclusions cannot be drawn from this small series of eases. 

Leucocytosis.—Leucocytosis was present in 61 per cent of the cases. It 
may be convenient at this point, to define two terms which are used in connection 
with this study, especially in their relation to leucocytosis. ‘‘ Asegmentopenia’’ 
may be defined as the absence of an inerease in band forms accompanying 
leucocytosis or more rarely, leucopenia. It is well known that leucocytosis of 
the infections and other varieties, is associated with an increase in band forms 
(asegmentophilia). “In this study the absence of band forms in relation to 
leucocytosis is conspicuous. This relationship has not previously been described 
in the literature. Fifty-two cases, or 85 per cent of all cases presenting leuco- 
cytosis were associated with asegmentopenia. Forty-three of the cases, or 70 
per cent of the cases showing leucocytosis, were associated with neutrophilia. 

‘* Aneosinopenia’’ may be defined as a condition in which there is a per- 
sistence of eosinophiles in the presence of a neutrophilic leucocytosis. Forty-one 
eases or 95 per cent of the cases showing neutrophilic leucocytosis were associ- 
ated with aneosinopenia. 

The asegmentopenia and aneosinopenia may be said to go almost hand in 
hand. One may state, therefore, that the presence of neutrophilic leucocytosis 
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with asegmentopenia and aneosinopenia is a feature which is not uncommon in 
malignaney, and which has been found to be of definite value in our effort to 
confirm a diagnosis of malignancy by hematologic criteria. It would not be 
justifiable, however, to assume that all carcinomas are associated with leuco- 
cytosis, for some cases (21 per cent in this series) present a definite leucopenia. 
It would be just as unjustifiable to assume that all cases present neutrophilia, 
for as will be pointed out, it is not unusual to find definite neutropenias 
(Table IT). 

Leucopenia._—_As was stated above, 21 per cent of the cases presented a 
leucopenia below 8000. Five cases or 23 per cent presented a relative lympho- 
eytosis. Furthermore, 10 cases or 47 per cent with leucopenia presented neutro- 
philia; 11 or 53 per cent presented neutropenia. Metastases were present in 12 
instances or 57 per cent of the leucopenias (Table III). 

Morphologic Changes in White Cells —These were studied in the ordinary 
smear stained by the Wright method. 

Band Forms.—Asegmentopenia: For purposes of this study, the normal 
upper limit of band forms in the blood was considered 5 per cent. Asegmen- 


topenia was present in 85 per cent of the cases. 

Asegmentophilia: (Increase in band forms.) This condition was present 
in 17 cases. When present, it was usually associated with either an irritative, 
infiltrative or destructive type of blood picture (see below). Simonis*' has 
called attention to the hypersegmentation of the neutrophiles, lymphocytes and 
monocytes, in the blood picture in carcinoma. His study, however, is based on 


only 11 cases. 

Monocytosis.—W hen the monocyte count was found to be 6 per cent or over, 
it was considered a monocytosis. Monocytosis was present in 28 eases. In 12 
instances metastases were demonstrated. 

Basophilia.—Basophilia was absent in all but two cases of this series. There 
did not seem to be any significant relationship between this condition and 
metastasis. 

Eosinophilia—Kosinophilia was present in 18 cases. In 7 instances it was 
associated with metastasis. 

Metamyelocytes.—These were present in small numbers in 7 cases. 

Myelocytosis.—This condition was present in 14 cases. The latter were as- 
sociated with metastasis in 7 instances. 

Osteoplasia and Osteoclasia—In 1891, Von Recklinghausen*? was the first 
to champion the conception of the spread of metastasis by the blood stream into 
the hone marrow. He differentiated two forms of bone marrow carcinoma: 
A, The osteoclastic form, and B,.the osteoplastic form. The osteoclastic form, 
by a process of rarefaction resembling osteomalacia causes brittleness of bone 
and may be accompanied by pathologic fractures (Table IV). But only exten- 
sive tumor invasion is capable of producing a marrow disturbance. In the 
osteoplastic variety, hypertrophy of osteoid tissue with fibrotic changes occurs 
in the bone marrow and may proceed to calcification and sclerosis. 

Slight osteoplasia, which may be discernible by x-ray, was most commonly 
associated with blood pictures of an irritative type. Moderate osteoplasia, which 
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| NO. OF | LEUCOCY- | WITH NO | LEUCOCY-|ASEGMEN-| ASEGMEN-| PHILIA| PENIA | ANEO- 
ORGAN | CASES| TOSIS |LEUCOCY-| TOSIS TOPENIA | TOPHILIA | PER PER | SINO- 
| CASES TOSIS CENT CENT | PENIA 
— ™ ——— Ss a 7 s — a - ~ ieee a 
Lung | 15 10 5 | 10,200 0 1 0 
| | 14,000 1 0 78 69 0 
| 13,000 1 0 75 0.5 
| | 12.000 1 0 75 3 
| 10,200 1 0 81 2 
| 15,000 | 0 77.5 1.5 
| 9,500 1 0 67 2 
| 12,000 | 1 0 56 7 
| | 14,000 1 0 53 2 
10,900 1 0 79 0 
- _— _ as 3 - ae ae aieteaa — _ ’ ee 
Carcinoma | 
of tongue | 2 1 1 | 18,600 1 0 90 0 
Metastatic | | | 
carcinoma | 3 1 2 | 36,800 | 1 0 89 0 
of bones (Primary not diagnosed) | | 
Epithelioma a 
of lip 1 1 0 | 12,000 1 0 89 0 
Carcinoma 
of thyroid 1 1 0 | 13,000 1 0 67 1 
Totals: 52 9 43 18 41 


























may also be discernible on the x-ray film, was most commonly associated with 
blood pictures of an infiltrative type. Marked osteoplasia, which is detectable 
by x-ray, was most commonly associated with blood pictures of a destructive type. 


TYPES OF BLOOD PICTURES IN MALIGNANCY (TABLE v) 


It was found that the blood pictures presented in malignancy could be 
classified into five groups: (1) Stimulative, (2) irritative or leacemoid, (3) in- 
filtrative or dysplastic, (4) destructive or myelophthisic, (5) indeterminate. 

Group I—Stimulative.—This picture consists mainly of a slight leucocytosis 
(10-12,000), a moderate neutrophilia (75 to 80 per cent), the presence of aseg- 
mentopenia and no significant changes in the myeloid picture. If there are any 
changes in the lymphoid elements, there is usually an increase in the large va- 
riety. Erythrocytie changes are insignificant. This picture reflects a physio- 
logie change in the bone marrow which is mainly one of hyperplasia. Leuco- 
cytosis and neutrophilia run parallel. Aneosinopenia is usually present. 

This picture may be caused by the neoplastic toxin produced in the primary 
or metastatie foeus. Case 71, carcinoma of the lung, of a month’s duration, is an 
example of this type. The blood picture was as follows: Hemoglobin 70 per 
cent, color index 0.83, red blood cells 4,260,000, white blood cells 10,200, poly- 
morphonuclears 81 (Bands 0), Lymphocytes 16, Monocytes 1, Eosinophiles 2. 
One month later, the smear revealed the following: Polynuclears 59 (Bands 0), 
Lymphocytes 26, Monocytes 3, Eosinophiles 12. This was the beginning of an 
infiltrative type of blood picture with perhaps slight osteoplastiec changes, as 
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evidenced by the neutropenia and the increasing eosinophilia. 
ture is probably the result of hyperplastic efforts on the part of neohematopoietic 
islands in the bone marrow, a compensatory effort, as it were, to replace infil- 
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trated or compromised myeloid areas. 
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Note——Bone Marrow ecarcinosis may be productive of osteoplastie and osteoclastic 


changes, either of which may predominate, to the complete or partial exclusion of the other. 
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Group 2—Irritative, Leucemoid Slight Osteoplasia.--This picture consists 
of essentially a moderate leucoeytosis (12,000 or more), and a moderate neutro- 
philia (80 per cent or over). Asegmentophilia is usually present and asegmen- 
topenia may sometimes occur. Aneosinopenia is usually present. There may 
be an occasional myelocyte or metamyelocyte present and there are no changes 
in the lymphoid elements. Erythrocytie changes may be manifested in the 
presence of increased reticulation or anochromasia. The bone marrow pathology 
is essentially one of hyperplasia. In this group, neutrophilia may be dispropor- 
tionate to leucoeytosis and indeed even neutropenia may oceur. Case 74, a car- 
cinoma of the hepatic duct, whose history dates back 18 months, is an example 
of the irritative type of blood picture in malignancy. Hemoglobin 20 per cent, 
color index 0.32, red blood cells 3,100,000, white blood cells 16,000, polynuclears 
81 (Bands 15), lymphocytes 10, monocytes 8, eosinophiles 1. There were no 
particular changes in the red éells. This picture differs from the stimulative 
form by a shift of the neutrophiles to the left. In spite of this, eosinophiles are 
found (aneosinopenia). This picture may be the result of microscopic metastasis 
in the red marrow areas. Such metastasis may be detectable on the x-ray film. 
On the other hand, slight osteoplastie changes may suffice to produce the same 
result. 

Group 3—Infiltrative, Dysplastic or Moderate Osteoplasia.-—Essentially, 
the blood picture consists of a leucopenia (5 to 8000), a neutropenia (50 to 60 
per cent), and a relative lymphocytosis (30 to 40 per cent). If neutrophilia is 
present, there is usually a combination with Group 2. Asegmentopenia is 
usually absent but may be present. Asegmentophilia is usually present but may 
be absent. There may be present myelocytes and metamyelocytes. Should there 
be a relative lymphocytosis, there is a shift to the left, that is, the large lympho- 
cytes are increased. Erythrocytes usually show moderate changes as manifested 
by hypochromasia, anochromasia, polychromasia, and occasional normoblasts. 
Pathologically, the bone marrow may be the seat of microscopic metastases or a 
moderate degree of osteoplasia. The metastases may or may not be discernible 
by x-ray. Typical of this type of picture is the one observed in Case 78, with 
a carcinoma of the uterus and a history dating back three months. Here the 
blood study presented the following: Bleeding time, one minute forty-one sec- 
onds, coagulation time, seven minutes ten seconds, tourniquet test negative, no 
significant changes in the fragility of red cells, hemoglobin 42 per cent, color 
index 0.89, red blood cells 2,400,000, platelets 190,000, white blood cells 8600, 
polynuclears 67 (Bands 0), lymphocytes 25, monocytes 3, eosinophiles 3, 
myelocytes 2, slight anisocytosis, slight macrocytosis, moderate anochromasia, 
moderate hypochromasia, and an occasional normoblast. 

The leucocyte count tends toward a leucopenia. Neutrophilia is declining 
toward a neutropenia. In other words, there is evidence of beginning bone 
marrow dysfunction, and at the same time, there is evidence of irritative 
phenomena. The latter is manifested by the presence of occasional normoblasts. 
myelocytes and metamyelocytes. Although there is displacement of myeloid 
tissue by the metastatic focus, or possibly by the presence of moderate osteoplasia 
there is still enough myeloid tissue left which is capable of being irritated and 
responding to a stimulus. 
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Group 4i—Destructive, Myelophthisic or Marked Osteoplasia.—Essentially, 
the blood findings in this group are as follows: a moderate leucopenia (below 
5000). a moderate neutropenia (below 50), a moderate relative lymphoeytosis 
(over 40) ; asegmentopenia is usually absent, asegmentophilia is usually present ; 
myelocytes, metamyelocytes, and myeloblasts may be present. If relative 
lymphocytosis is present, there is a shift of the lymphocytes to the left. 
Erythroecytie changes may be manifested by the presence of normoblasts, 
reticulocytosis, and polychromasia. Pathologically, there may be macroscopic 
metastasis in the bone marrow or the presence of a moderate degree of osteo- 
plasia. These are revealed on x-ray. 

The picture aforementioned is probably produced by the neoplasm in its 
progressive invasion of myeloid tissue to its ultimate destruction or displace- 
ment, or by the presence of moderate or extensive osteoplasia. Case 98, a ear- 
cinoma of the lung with a history dating back two weeks, is a typical example 
of such a type. He presented the following blood picture: Hemoglobin 85 per 
cent, color index 0.88, red blood cells 4,800,000, platelets 250,000, white blood 
cells 2400, neutrophiles 24 (Bands 0), lymphocytes 56, monocytes 11, eosinophiles 
1, metamyelocytes 4, myelocytes 1, and 5 normoblasts. 

The above picture represents a combination of leucopenia, neutropenia, 
relative lymphocytosis with a shift of the neutrophiles to the left (due to 
metamyeloeytosis). One would expect in this type of case, a diminution in 
platelets because of this neoplastic panmyelophthisis, but whether the mega- 
karyoeytie foci are relatively uninjured or the accessory reticuloendothelium is 
responsible for compensatory regeneration, one can only surmise. Further ob- 
servations along this line are necessary to clarify this point. This patient also 
showed a purpura in spite of the normal platelet count. It may be possible that 
platelet function was impaired. 

These groups are not completely delimited and may overlap depending upon 
character and extent of the metastatic involvement or osteoplasia. Case 71, for 
example, showed two types of pictures during its course. The first pieture was 
a stimulating one, the second, of an irritative type 

Changes of type of blood picture may be induced by treatment, including 
x-ray or radium, by operative intervention, or by the mere passage of time. 
Case 17, for example, with a carcinoma of the stomach, showed a preoperative 
pieture which was definitely infiltrative. After operation, the picture was defi- 
nitely irritative. Case 20, with metastasis from carcinoma of the stomach, pre- 
sented a picture of beginning infiltration three months previous to admission to 
the hospital. The picture changed to that of definite infiltration with irritative 
marrow changes on admission to the hospital three months later. Case 37, with 
sarcoma of right humerus, presented on admission a blood picture of the destrue- 
tive type. This was due to x-ray therapy received one month previous. A month 
later, he showed a similar picture and in addition, a thrombocytopenia of 60,000 
and signs of bone marrow irritation, as evidenced by definitely increased 
reticuloeytosis (3 per cent). Case 71, entered the hospital with a diagnosis of 
carcinoma of the stomach. He presented a picture of the infiltrative type. One 
month later, there was increasing neutropenia and relative lymphocytosis with 
evidence of erythrocytic and myelocytic irritation, the picture thus becoming 
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definitely irritative in type. Case 91, with carcinoma of the head of the 
pancreas, entered the hospital with an indeterminate type of blood picture. One 
month later, there was a typical stimulative type of blood picture, thus indicat- 
ing the influence of the time factor alone. Case 94, with carcinoma of the colon, 
was admitted with a stimulative blood picture. One month later, the picture be- 
came definitely infiltrative. Case 97, with a carcinoma of the sigmoid, was ad- 
mitted with a picture of the stimulative type. Two weeks later, there were be- 
ginning signs of an infiltrative type of blood picture. 

Group 5—Indeterminate-—This group consists of those cases in which the 
criteria outlined above are indefinite or insufficient for accurate interpretation. 
The question of time alone, the influence of treatment or operative intervention 
may suffice to initiate a picture which later becomes definite. These cases ulti- 
mately pass into the infiltrative or destructive groups. Case 17, for example, a 
ease of carcinoma of the stomach, was admitted on the medical service with an 
indeterminate blood picture with the following differential count: polynuclears 
47 (Bands 1), lymphocytes 34, eosinophiles 2, monoeytes 8, and slight oligo- 
chromasia. He was transferred to the surgical service for exploratory laparot- 
omy. Two days after the operation he presented the following blood picture: 
bleeding time twenty seconds, coagulation time seven minutes twenty seconds, 
hemoglobin 80 per cent, color index 0.7, red blood cells 5,600,000, platelets 
350,000, W.B.C. 10,000, polynuclears 80 (Bands 39), metamyelocytes 4, 
myeloeytes 2, and slight anochromasia. This was a blood picture quite typical 
of the early infiltrative type. It is possible that in this case there was esophageal 
involvement also, as suggested by the high hemoglobin and red eell count. 

Incidence of Types of Blood Pictures in Malignancy (Table VI).—Group I 
—or stimulative group, was present in 55 cases or 55 per cent of this series. 

Group Il—or irritative group, was present in 16 cases or 16 per cent of this 
series. 

Group I1]—cr infiltrative group, was present in 9 cases or 9 per cent of this 
series. 

Group 1V—or destructive group, was present in 7 cases or 7 per cent of 
this series. 

Group V—or indeterminate group, was present in 13 cases or 13 per cent 
of this series. 

It is obvious then, that at the time of the blood examination, over half of 
the cases were in the stimulative group; one-sixth in the irritative group, one- 
eleventh in the infiltrative group, one-fourteenth in the destructive group, and 
one-eighth in the indeterminate group. 

It is interesting to enquire into the feasibility of utilizing the blood study 
early enough to be of benefit to the patient. One must conclude that at this 
time it is practicable only in the stimulative group before the onset of metastasis. 
For purposes of ultimate prognosis and treatment, the stimulative group may 
be divided into two subgroups, (a) without metastasis, (b) with metastasis. 

Table VII, presents an analysis of these subgroups. It is found that of 55 
eases which present a stimulative blood picture, 32 or 60 per cent have no 
demonstrable metastasis. Theoretically, it should be possible then to diagnose 
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TABLE VI 


ANALYSIS OF BLOOD PICTURE IN MALIGNANCY 























INDETER- 
ORGAN TOTAL | STIMULATIVE IRRITATIVE | INPILTRATIVE | DESTRUCTIVE MINATE 
NO. OF CASES|NoO. OF CASES|NO. OF CASES|NO. OF CASES/NO. OF CASES 
Breast 8 5 9 ] 0 
Lympho- 
sarcoma 7 7 0 
Sarcoma- 
tosis 5 ] 1 1 2 
Stomach 22 9 3 4 3 3 
Lung 15 8 3 1 1 2 
Colon 15 ] 1 2 
Pancreas 6 4 1 1 
Gall bladder 4 3 1 
Ovary 3 2 0 1 
Urinary 5 2 2 ] 0 0 
Carcinoma 
of tongue | 3 1 1 
Epithelioma | 
of lip | ] 1 0 
Carcinoma | | 
of tonsil | 1 | l 
Carcinoma | 
of thyroid! 1 | ] | 
Metastatic | | | 
carcinoma 
of bones | 3 | 0 2 | 0 l | 
Uterus 2 | | | | . 
I | | | 
Total: | 100 | 55 16 | 9 | 7 | 13 
! | | 


malignancy hematologically in almost one-third of the cases at a time when 
metastasis is clinically absent. The establishment of this possibility as a facet 
opens up a field which needs further study. 


GENERAL METASTASIS AND THE BLOOD PICTURE 


Forty-nine cases, presented metastasis. Table VIII, presents an analysis 
of the ineidence of the five groups of blood pictures that present themselves in 
cases with metastasis. Metastasis may affect a blood picture in two ways: 
(1) by the specific effect of malignant substance on the bone marrow, and (2) by 
the mechanical presence of metastatic tissue in the bone marrow. There may 
be a combination of both factors. In the first instance. the picture produced 
may be either stimulative or irritative; in the second instance, the resulting 
blood picture may be irritative, infiltrative, or destructive in type. It is found 
that 40 per cent of cases with metastasis in this series were in the stimulative 
croup, 24 per cent in the irritative group, and 8 per cent each in the destructive 
and indeterminate groups. 


BONE MARROW METASTASIS AND THE BLOOD PICTURE (TABLE IX) 


Twelve cases, or 12 per cent of the entire series, presented evidence of 
netastasis to the bone marrow. In 9 cases there was x-ray evidence, and in 3 


instances, autopsy evidence. Fifty-eight per cent of cases with bone marrow 
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definitely irritative in type. Case 91, with carcinoma of the head of the 
pancreas, entered the hospital with an indeterminate type of blood picture. One 
month later, there was a typical stimulative type of blood picture, thus indicat- 
ing the influence of the time factor alone. Case 94, with carcinoma of the colon, 
was admitted with a stimulative blood picture. One month later, the picture be- 
came definitely infiltrative. Case 97, with a carcinoma of the sigmoid, was ad- 
mitted with a picture of the stimulative type. Two weeks later, there were be- 
ginning signs of an infiltrative type of blood picture. 

Group 5—Indeterminate.—This group consists of those cases in which the 
criteria outlined above are indefinite or insufficient for accurate interpretation. 
The question of time alone, the influence of treatment or operative intervention 
may suffice to initiate a picture which later becomes definite. These cases ulti- 
mately pass into the infiltrative or destructive groups. Case 17, for example, a 
ease of carcinoma of the stomach, was admitted on the medical service with an 
indeterminate blood picture with the following differential count: polynuclears 
47 (Bands 1), lymphocytes 34, eosinophiles 2, monoeytes 8, and slight oligo- 
chromasia. He was transferred to the surgical service for exploratory laparot- 
omy. Two days after the operation he presented the following blood picture: 
bleeding time twenty seconds, coagulation time seven minutes twenty seconds, 
hemoglobin 80 per cent, color index 0.7, red blood cells 5,600,000, platelets 
350,000, W.B.C. 10,000, polyvnuclears 80 (Bands 39), metamyelocytes 4, 
myelocytes 2, and slight anochromasia. This was a blood picture quite typical 
of the early infiltrative type. It is possible that in this case there was esophageal 
involvement also, as suggested by the high hemoglobin and red cell count. 

Incidence of Types of Blood Pictures in Malignancy (Table VI).—Group I 
—or stimulative group, was present in 55 cases or 55 per cent of this series. 

Group [l—or irritative group, was present in 16 cases or 16 per cent of this 
series. 

Group [1l—or infiltrative group, was present in 9 cases or 9 per cent of this 
series. 

Group IV—or destructive group, was present in 7 eases or 7 per cent of 
this series. 

Group V—or indeterminate group, was present in 13 cases or 13 per cent 
of this series. 

It is obvious then, that at the time of the blood examination, over half of 
the cases were in the stimulative group; one-sixth in the irritative group, one- 
eleventh in the infiltrative group, one-fourteenth in the destructive group, and 
one-eighth in the indeterminate group. 

It is interesting to enquire into the feasibility of utilizing the blood study 
early enough to be of benefit to the patient. One must conclude that at this 
time it is practicable only in the stimulative group before the onset of metastasis. 
For purposes of ultimate prognosis and treatment, the stimulative group may 
be divided into two subgroups, (a) without metastasis, (b) with metastasis. 

Table VII, presents an analysis of these subgroups. It is found that of 55 
eases which present a stimulative blood picture, 32 or 60 per cent have no 
demonstrable metastasis. Theoretically, it should be possible then to diagnose 
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TABLE VI 












































INDETER- 
ORGAN TOTAL | STIMULATIVE IRRITATIVE INFILTRATIVE DESTRUCTIVE MINATE 
NO. OF CASES|No, OF CASES|NO. OF CASES|NO. OF CASES/NO. OF CASES 

Breast 8 ) | 2 1 0 
Lympho- | | 

sareoma 7 7 0 
Sarcoma- | 

tosis 5 ] 1 1 | 2 
Stomach 22 9 3 4 3 | 3 
Lung 15 8 3 1 1 2 
Colon 15 1 1 2 
Pancreas 6 4 | 1 1 
Gall bladder 4 3 1 
Ovary 3 2 0 ] 
Urinary 5 2 2 1 0 0 
Carcinoma | 

of tongue 2 1 1 
Epithelioma 

of lip ] ] | 0 | 
Carcinoma | 

| 





| 
. : | 
of tonsil | ] | | 1 
Carcinoma | 


of thyroid | 
Metastatic | | | 
carcinoma} 
of bones | 3 0 2 0 I | 
Uterus 2 | | 2 
im | | | 
Total: | | 9 | 7 13 


100 | 55 16 


malignancy hematologically in almost one-third of the cases at a time when 
metastasis is clinically absent. The establishment of this possibility as a fact 
opens up a field which needs further study. 


GENERAL METASTASIS AND THE BLOOD PICTURE 


Forty-nine cases, presented metastasis. Table VIII, presents an analysis 
of the incidence of the five groups of blood pictures that present themselves in 
cases with metastasis. Metastasis may affect a blood picture in two ways: 
(1) by the specifie effect of malignant substance on the bone marrow, and (2) by 
the mechanical presence of metastatic tissue in the bone marrow. There may 
be a combination of both factors. In the first instance, the picture produced 
may be either stimulative or irritative; in the second instance, the resulting 
blood picture may be irritative, infiltrative, or destructive in type. It is found 
that 40 per cent of cases with metastasis in this series were in the stimulative 
croup, 24 per cent in the irritative group, and 8 per cent each in the destructive 
and indeterminate groups. 


BONE MARROW METASTASIS AND THE BLOOD PICTURE (TABLE IX) 


Twelve cases, or 12 per cent of the entire series, presented evidence of 
metastasis to the bone marrow. In 9 cases there was x-ray evidence, and in 3 


instanees, autopsy evidence. Fifty-eight per cent of cases with bone marrow 
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metastasis showed an irritative type of blood picture. 
showed an infiltrative blood picture. 
It is significant that there were no stimulative or indeterminate types 
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ANALYSIS OF THE STIMULATIVE GROUP OF BLOOD PICTURES 





Twenty-five per cent 
Sixteen had a blood picture of the destrue- 


TABLE VII 

















TOTAL TOTAL WITH ‘a 
NO. OF CASES STIMULATIVE | METASTASIS METASTASIS 
g 5 3 | 2 
7 7 | 4 3 
5 1 0 1 
22 9 , 7 ; 
| 15 8 6 2 j 
15 12 3 9 { 
| 6 4 1 3 : 
4 3 2 1 : 
3 | 2 1 1 
| 7 | 2 1 1 i | 
1 1 0 1 : 
| } 
I 1 0 1 4 
TABLE VIII 3 
ANALYSIS OF BLOOD PICTURE IN METASTATIC MALIGNANCY ks 
| IRRITATIVE |DESTRUCTIVE| INDETER- 


NO. OF | INFILTRATIVE | NO. OF | MINATE NO. 
CASES NO. OF CASES | CASES OF CASES 
2 1 0 0 4 
1 
1 1 i 
2 1 3 2 5 
3 1 1 ; 
| = 
| | 
1 
0 1 
0 1 0 § 
Ff 
: 
1 
| 
| 
} } 
| | 
| | 
2 0 1 | 3 





The irritative type of blood picture produced by bone marrow metastasis 
may be accounted for by hyperplasia of the bone marrow with or without th 


association of slight osteoplastic changes. 


The infiltrative type of blood picture 


produced by bone marrow neoplasia, may be due to the early invasiveness of th: 


tumor with or without moderate osteoplastic changes. 


The destructive type 0! 
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TABLE IX 
ANALYSIS OF BONE MARROW METASTASES AND TYPES OF BLOOD PICTURES 








DIAGNOSED |STIMULA- INFILTRA- | DESTRUC- | INDETER- 
CASE NO. ORGAN | BY TIVE IRRITATIVE TIVE TIVE MINATE 
| | | | 
2 Ovary X-Ray | 
1] Tonsil X-Ray | 
32 Bones X-Ray | 
35 Stomach | Autopsy | | 
39 Lung X-Ray ; 
40 Lung X-Ray | 
43 ‘| Breast X-Ray 
45 Stomach X-Ray 4 | 
60 Lung X-Ray | - | 
83 Breast Autopsy 
87 | Adenoear- | 
cinoma of | 
kidney X-Ray | 
98 | Lung Autopsy | | 


picture produced by bone marrow metastasis, may be accounted for by the in- 
vasion of a great extent of the marrow by the advancing neoplasm with or 
without marked osteoplasia. 

Von Recklinghausen* accepted the mechanical interpretation of the effect 
of metastasis on the marrow. He believed that there was brought about ob- 
struction to the venules and later larger vessels, causing a hypostatie congestion 
and active congestion of the bone marrow, which in turn, led to stimulation of 
the marrow elements. 

Schmorl and Oxhausen* adopted a biologie interpretation believing that 
the changes brought about: in the marrow were mainly due to the specific or 
biologie reactivity of the marrow. Zadek and Sonnenfeld*’ believe that both 
mechanical and biologic elements must be factors in an explanation of the re- 
activity of the bone marrow in carcinosis of the bone marrow. In the study of 
three cases of prostatic carcinoma, they concluded that they could differentiate 
hematologically between the two groups of marrow carcinosis. They summarized 
their findings in osteoplastic carcinoma as follows: Secondary anemia, leucopenia, 
relative lymphocytosis, occasional normoblast ; the picture on the x-ray film was 
characteristic. The osteoclastic blood picture they described as follows: nor- 
moblastemia, leucocytosis, with varying grades of nuclear shift and _ relative 
‘vymphoeytopenia. 

It can readily be seen in the light of this study that their conclusions were 
unwarranted, because as has been shown, four definite groups based on the 
blood pieture can be distinguished, depending either on the effect of the malig- 
nant substance from the primary or metastatic focus upon the bone marrow, or 
n the mechanical effect of the presence of an infiltrating mass compromising 
nd destroying bone marrow substance. The picture described by Zadek and 
Sonnenfeld as due only to marked osteoplastic changes could just as well be 
produeed by changes other than those predominantly osteoplastic. Similar 
blood pictures, as already pointed out, can be produced by any lesion which 
Weber and Bode** 
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report a case of prostatic carcinoma with hyperchromie anemia, leucocytosis, 
marked normoblastemia, myelocytosis, in which autopsy revealed marked osteo- 
plastic changes, thus again negating the belief of Zadek and Sonnenfeld*’ that 
osteoplastic bone marrow metastasis can be diagnosticated hematologically by 
leucopenia, relative lymphocytosis with occasional normoblast. 


COMMENT 


The diagnosis of malignancy may be suspected or corroborated hemato- 
logically, not by any one particular finding, but by a combination of findings, a 
constellation of hematologic facts, as it were. The bleeding time is only very 
rarely prolonged, usually less than 1 minute. The coagulation time is within 
normal limits. The platelets are normal or increased. An inerease explains the 
frequent occurrence of nonmalignant thrombosis in malignancy. The tourniquet 
test is rarely positive. The fragility test shows no significant changes. 

Leucocytosis is present in approximately two-thirds of the cases and is as- 
sociated with asegmentopenia. In 85 per cent of the cases presenting leucoeytosis 
43 per cent of these are associated with neutrophilia. Of the latter, 95 per cent 
are associated with an aneosinopenia. Asegmentopenia and aneosinopenia, 
therefore, go hand in hand. 

The red cells show a slightly depressed count in two-thirds of the eases, a 
markedly depressed count in one-eighth and normal or increased values in one- 
fifth. There is never a count of less than one million in the absenee of hemor- 
rhage. Changes in red cell morphology are conspicuous by their absence, the 
most frequent finding being anochromasia (52 per cent of the cases). The least 
frequent changes are macrocytosis, normoblastemia and polyechromasia. 

No matter how complete the evidence of malignancy may be on hematologic 
grounds, a most important factor in diagnosis still remains, that is, the clinical 
picture of the patient as determined by the history and physical examination of 
the patient. Experience teaches that the blood picture of malignancy may be 
simulated in other conditions, such as, Hodgkin’s disease, severe diabetes and 
diabetic coma, severe nephritis or incipient uremia, cardiac decompensation and 
cardiac asthma. 

A practical point worthy of note is the fact that a leucopenia is associated 
with metastasis in over half the cases. Thus given a case of malignancy where 
operative intervention is being considered, a leucopenia favors metastasis and 
the patient may, therefore, be spared unnecessary surgical intervention, or the 
burden of x-ray or radium therapy. 


SUMMARY 


1. One hundred proved cases of malignancy were studied hematologically 
and were viewed from a clinicohematologie aspect. 

2. Blood pictures were classified into four distinet groups and one inde- 
terminate group, according to definite hematologie constellations. 

3. Metastasis in bone marrow was discussed from an anatomic, pathologic 
and hematologic viewpoint. 
4. Hematologic data may be used to diagnose eases presenting stimulativ: 
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nonmetastatic blood pictures. This is possible in one-third of all the cases of 
malignancy. More frequent studies may even lead to earlier recognition of 
malignaney and consequently open up opportunities for greater therapeutie 
possibilities. 

5. Presence of metastasis may be diagnosed long before clinical manifesta- 
tions are present and may spare the patient operative risk or unnecessary 
treatment. 

6. Unexplained leucocyvtosis may be ascribed to malignaney. and the latter 
considered, especially if associated with asegmentopenia and aneosinopenia. 


Grateful acknowledgment is due Dr. Max Lederer and Dr. Silik H. Polayes, for their 


helpful suggestions in the preparation of the manuscript. 
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THE ACID RESPONSE OF THE STOMACH TO TEST MEALS OF 
PROTEIN, FAT, AND CARBOHYDRATE* 





Wituiam H. Barrow, M.D., SAN Dieco, Canir. 


HE reaction of various parts of the gastrointestinal tract to different foods 

has been a fertile field for investigation for many years. In spite of this 
our conceptions of the biochemistry involved are vague and uneertain, being 
too often based on preconceived ideas, on conclusions drawn from results ob- 
tained from inexact methods, or on experimental work which has disregarded 
certain variables. 

Rehfuss, Hawk and Bergheim' carried on, over several years, an exhaustive 
investigation into the emptying time of the stomach and the acid response of 
the stomach to all types and varieties of foods. The chart shown herewith, 
Chart I, which is based on the report of these findings, indicates that the empty- 
ing time of the stomach with a given food varies as the acidity of the gastric 
contents with that same food. 

Hoetzel,* who did 2,000 aspirations on himself, studied the effect of fasting 
on the gastrie acidity, and followed this by a study of gastric reaction to meat, 
egg and vegetable protein. He concluded that these produets, following a period 
of fasting, lowered the acidity of the gastric contents. 

The difficulty in drawing exact conelusions from much of the work that has 
been done lies in the fact that we are in each case dealing with a mixture of un- 
known proportions of food ingested and gastric juice, and that in no case was 
any allowance made for the buffer value of the test meal. Thus, although one 
can say that the Py of the aspirated contents varies with certain foods, it is 
a fallacy to speak of the acid response of the stomach without taking these 
factors into consideration. Graham and Emery* studied the permanent or pro- 
longed reaction of various parts of the intestinal tract of the dog to four dif- 
ferent diets. Their dogs were fed one of the following diets over a period of 
several weeks: normal diet of meat and bread, a protein diet of meat only, a 
carbohydrate diet of bread only, and a fat diet consisting of lard with an allow- 
ance of bread to prevent acidosis. These dogs were killed twenty-four hours after 
a feeding in order to reduce to a minimum the chemical reaction in the food itself, 
and the gut was immediately tied off at different levels. The contents of each 
section were then examined for their hydrogen-ion concentration. The con- 
tents were found to be less acid the further they were from the pylorus, but the 
difference in Py was in no instance greater than 1.7. There was no evidence 
that the variation in diet influenced the Py of the tract secretion. 

Essentially the same results were reported by Grayzell and Miller, except 
that some of their dogs were fed a rachitie diet and these animals responded with 
a somewhat less acid reaction of the intestinal secretion. 





*Received for publication, November 19, 1931. 
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Dean’ examined the contents of the terminal ileum on dogs with fistulas 
and on a dog with an anastomosis of the ileum to the anus. After a high fat 
meal the average Py was 7.42, after a high protein meal 7.86, after a high 
carbohydrate meal 7.42, and after a diet of whole milk 7.86. Although not in 
accord with other investigators who found the intestinal contents of the dog to 
be uniformly acid, it is worthy of note that again in this investigation there 
is no evidence that the kind of food eaten radically affects the Py of the contents 
of the intestinal tract. 


Time in hours 
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Chart. I1—Emptying time of stomach (dark circles and solid line) and acidity of 
gastric contents (light circles and dotted line) with various test meals. From figures 
reported by Rehfuss, Hawk, and Bergheim. 


Recently Bloomfield and his collaborators® have standarized the determina- 
tion of the acid content of the gastrie juice in response to an alcohol meal and 
to histamine given hypodermically. By the use of phenolphthalein as an in- 
dicator in the meal it is possible to estimate exactly the dilution of the aspirated 
contents by the meal, and consequently to determine the acidity of the pure 
vastrie juice. Furthermore the negative buffer value of the aleohol meal elim- 
inates a souree of error never taken into consideration in the old Ewald test 
meal or similar methods. With accurate determination of the reaction of the 
stomach through its acid secreting apparatus thus made possible, an effort has 
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been made to determine the response of the stomach to the various food elements, 
namely, fat, protein, and carbohydrate. Certain difficulties presented them- 
selves which have resulted in my being able to report on only a relatively small 
series. Subjects with essentially normal gastrointestinal tracts who would sub- 
mit to repeated gastric analyses were not easy to find, and many of the analyses 
made had to be discarded because of persistent regurgitation of bile in the 
course of the tests, indicative of a consequent dilution of the gastric contents 
with intestinal secretion. Nevertheless there are reported herewith the results 
of the gastric analyses on twenty subjects using the test meals mentioned above. 

The procedure followed was a modification of the Bloomfield method of 
gastric analysis with the alcohol test meal, which was used as a comparative 
standard. A Rehfuss tube was inserted and the fasting contents aspirated. 
With the tube still in place the test meal was introduced in the stomach through 
the tube by the use of a large syringe. At fifteen-minute intervals for one hour 
the whole gastric contents were aspirated, the amount noted, a sample saved 
for examination, and the remainder returned to the stomach. A determination 
was made on each sample of the free HCI and total acid estimated in degrees of 
acidity with diamethylamino-azobenzol and phenolphthalein as indicators. The 
protein meal was 50 ¢.c. of a 5 per cent (by weight) suspension of dry egg 
albumin in water. Determinations of the proportion of the meal to pure gastric 
juice in the aspirated contents were based on colorimetric readings with 
phenolphthalein of known concentration in the meal, and also by Esbach deter- 
minations on the fasting contents, on the test meal, and on the gastric contents 
at intervals after the introduction of the meal. 

The fat meal consisted of 50 ¢.c. of pure olive oil. Some difficulty was en- 
countered in completely emptying the stomach at each 15-minute interval be- 
cause of the viscosity of the oil, but since my observations were chiefly concerned 
with the acid concentration of the gastrie secretion rather than with the amount, 
and since the aspirated contents were returned to the stomach, except for the 
sample saved for analysis, this point is of little significance. Separation of the 
fat from the gastrie secretion was accomplished by the use of ecaprilie acid to 
break up the emulsion, and thus the proportion of meal to gastric secretion was 
determined by direct reading. As before this correction was used in the titration 
of the HCl and total acidity of the aspirated contents, so that the reported figures 
indicate the acidity of the pure gastrie juice. 

The carbohydrate meal was 50 ec. of a 5 per cent glucose solution. 
Phenolphthalein in solution (0.5 ¢.c. of a 1 per cent solution) was added to the 
glucose solution for the colorimetric determination of the dilution of the gastric 
secretion by the meal. Sugar determinations were also made in several instances 
as a check on these readings. 

One of the subjects on whom the gastric analyses mentioned above were 
being run was given, by mistake, a drink of pineapple juice several hours before 
the test meal. Since this was not discovered until after the tube had been 
passed, and thinking that it might be of interest to see whether or not it affected 
the acid response of the stomach, the gastric contents were aspirated in the 
usual fashion and thrown away, and the patient was then given a test meal of 
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olive oil. This subject had shown an achlorhydria in response to meals of 
glucose, egg albumin, and alcohol, although with histamine he had a_hydro- 
chlorie acid response that was about normal. It was surprising to note that in 
response to the meal of olive oil given after the ingestion of the pineapple juice, 
the hydrochloric acid readings in the samples aspirated were also about normal. 
Because of these findings pineapple juice was added to the test meals on sub- 
jects examined from that time on. Analyses of canned pineapple juice are 
submitted herewith, and it is to be supposed that any increased acid response in 
the stomach following the use of this fruit juice as a test meal, is due to the 
citric acid present. 
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Chart II.—Subject No. 2. Acid response of the stomach in degrees of total acid in response 


to meals of albumin, alcohol, fat and glucose. 


Analysis 
Unsweetened Pineapple Juice 
(National Canners Laboratory—2/12/31) 


Total Solids (70° C. in Vacuo) 12.39 per cent 
Total Sugars—as invert 9.97 
Total Acidity—as citrie acid 1.17 
Protein (Nx 6.25) .04 
Ether extract 56 
Ash 40 


In estimating the total acidity after a fruit juice test meal, allowance was, 
of course, made for the citric acid present in the meal so that as before the 
reading given indicates the total acidity of pure gastrie juice. Two charts are 
shown indicating in two subjects the response of the stomach to the various 
neals mentioned above. The first subject (Chart II) received test meals of 
ilbumin, aleohol, glucose, and fat, and although the range of acidity was not 
creat, namely, 40 degrees, the acid response was as indicated, namely, the great- 
st from albumin and the least from fat. The other subject whose findings are 
harted herewith (Chart III) was the one who received the fruit juice in error. 
the degree of acidity for the fat meal following the fruit juice could be read in 
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terms of HCI only, the dilution with the acid fruit juice being an unknown 
quantity. These readings are represented by the dotted line. The solid line 
represents the estimated probable total acidity. 

Chart IV gives the composite curves of all analyses on all subjects. In 
order to draw any definite conclusion from such a reeord each subject should 
have received the same test meals, but regurgitation of bile or the unwillingness 
of the patient to proceed with this series of tests, or his discharge from hospital, 
interfered with the complete course being run in each case. The number of 
tests included in each of the curves given differs. Nevertheless these analyses 
are all from the same group of subjects, each subject had two or more test 
meals, and the composite curves may, therefore, be taken to be indicative of the 
veneral character of the curves of a larger and more complete set of analyses. 


Fruif Jude 
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Chart I1I.—Subject No. 6. Acid response of stomach to various test meals and to 
histamine. (See text.) 


The point will possibly be raised that the acid response of the stomach 
might vary from day to day regardless of the type of meal used. It has been 
definitely shown, however,® that the acid response of the stomach to a standard 
test meal is a very constant factor, not only from day to day but over a long 
period of time. 

It will be noted on this chart (Chart IV) that the greatest acid response of 
the stomach was obtained by the use of histamine. This, of course, is in accord 
with previous reports.° Albumin injected into the stomach was the next most 

active, with pineapple juice, glucose, fat, and aleohol coming as next most aec- 
tive in the order named. It will be noted, however, that the greatest difference 
in degrees of acidity with any of the test meals, excluding alcohol, was less than 
30, and at the end of one hour, when the last sample was taken, was less than 15. 

These findings would seem to be in accord with the reports of the acid 
response of the other parts of the intestinal tract referred to earlier, namely, 
that the character of the food ingested does not materially affect the acid re- 






































ee Ce 


» 7 isn PN 


ere 




















RSS AT ne meee 


beget 


ee gece 








ACID RESPONSE OF THE STOMACH TO TEST MEALS 1099 


sponse of the stomach. It is possible that from the practical and clinical point 
of view the findings as charted might indicate that fat would be less apt to 
aggravate a hyperchlorhydria than would any other of the food elements 
introduced, and conversely that fruit juice and albumin might be indi- 
eated in hypochlorhydria. Sansum advocated the use of the citrus fruits in 
hypochlorhydria,* but there is no record that there were any gastric analyses 
done to show that this therapeutic régime would in any way affect the acid 
response of the stomach. Moreover from the clinical point of view the question 
must be raised as to whether there are any subjective symptoms from hypo- 
chlorhydria, or hyperchlorhydria per se, or whether, granting that there are 
such symptoms, any difference in the composition of the diet with respect to its 
albumin, fat, glucose, or acid content could be great enough to change the in- 
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Chart IV.—Composite curves showing acid response of stomach in response to 
various test meals and to histamine on all subjects. The total number of subjects studied 
was twenty. The number of test meals included in each curve is indicated by the figures 
at the right. 


tensity of these symptoms. It would seem at least from the findings reported 
herewith that the physical composition of the food might be of more importance 


than its chemical composition. 
SUMMARY 


Previous investigations do not definitely indicate that there is any factor 
that will affect the acid response of the stomach, other than the effect of various 
test meals on the emptying time of the stomach, the degree of acidity being 
vreatest with foods which are retained longest in the stomach. 

Experimental work on dogs shows that there is no evidence that variation 
in diet, or the kind of test meals given, radically affects the Py of the secretion 
f the small intestines. 

This report covers the results of gastric analyses obtained after test meals 
‘f protein, fat, and carbohydrate, in the form of egg albumin, olive oil, glucose, 


and of fruit juice. The averages of the figures obtained from all analyses in- 
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dicate that there is a slight difference in the response of the stomach to these 
various food elements, but that the difference is not great enough to be of any 
theoretical significance, or practical importance. These findings are in accord 
with the reports of findings previously mentioned on the effect of diet on other 
parts of the intestinal tract. 
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THE LEUCOCYTES IN SURGICAL CONDITIONS* 
A Stupy or 275 Cases 


H. P. Miiuer, M.D., Rock Isutanp, IL. 

HE valuable information in prognosis given by the Schilling! hemogram as 

compared to the older Ehrlich differential count is pointed out in recent con- 
tributions by Reznikoff,? Weiss,* Boies,t Alden,’ and DeMotte, Goodale® and 
others. The earlier teaching was that a high total count with a low poly- 
morphonuclear percentage carried a good prognosis, whereas a low total count 
with a high polymorphonuclear count indicated a more serious outlook. The 
Schilling hemogram method considers, in addition, the morphologic variations in 
the polymorphonuclears and of the two other great systems of leucocytes, the 
mononuclears and lymphocytes. Sabin’ has made clear the interrelationship of 
this floating supply of leucocytes to the bone marrow organ. The purpose of this 
study is to tabulate the findings in 275 surgical cases and attempt to correlate the 
leucocytie picture with the clinical condition. 

The first series consisted of 213 eases studied by the Ehrlich differential 
eount. The proportion of total count to polymorphonuclears is expressed by the 
Gibson® index shown in Chart 1. 





*Received for publication, October 23, 1931. 
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Cases are grouped into three classes. The uninfected group includes hemor- 
rhoids, hernias, chronic appendicitis, and pelvie repair operations. A second 
group of moderately infected cases consists of furuncles, superficial infections, 
incomplete abortions, acute catarrhal appendicitis and acute suppurative salpin- 
gitis. A third group is made up of acute gangrenous appendicitis. 


TABLE I 
SUMMARY OF 213 SuRGICAL CASES StuDIED Witn ToraL Count AND ERLICH DIFFERENTIAL 
: 


TOTAL WHITE COUNT 


POLY MORPHONUCLEARS 


GIBSON INDEX 








PRO- DIS- PER CENT 























=" NO. | UNDER 10- 15 ABOVE |BELOW 60 70 80 90 |) 07 ea 
NOSIS CASES) 10.000 15,000 20,000 20,0001 60 70 80 90 100 PORTION- PORTION- PORTION- 
ATE ATE ATE 
Clean 
Cases 112} 68 37 é 21 64 26 4 «=| 04 8 90 
Moderate 
Infections 72 14 24 25 9 | 1% 37 WG 2] 62 10 792 
Severe 
Infections 29 | ] 9 9 10 - 7 20 = 16 13 54 
30000 95 
25000 — 5 90 
na 
| 
20090 —= 85 
5 | — as 
' 
10000 ——~ 75 
Total Count Polys 


Chart 1.—Gibsen “Standard” chart. Ten thousand white cells and 75 per cent polymor- 
phonuclears are taken as the base line. Increase of one in the polymorphonuclear count should 
be accompanied by a proportional increase of one thousand in total count. An increase of 
polymorphonuclears out of proportion to the total count will cause the line depicting the count 
to slant upward. Each division above horizontal is called a plus unit. Minus units are pro- 
duced by the line slanting downward to the right. 


If one studies the distributions in Table I there is seen to be a definite tend- 
ency to increasing total count and increasing polymorphonuelear count as the 
seriousness of the infection increases. Also, with increasing seriousness of in- 
‘ection the normal proportion of total count to polymorphonuclears decreases 
from 90 per cent in the clean cases to 54 per cent in the acute gangrenous 
appendicitis. 

In the Schilling counts 3 to 5 per cent of staff cells is considered normal. 
Rarely up to 1 per cent of juveniles may occur, making six immatures the upper 
In colds, superficial infections and gastro-intestinal upsets an 


‘imit of normal. 
In infections of moderate 


nerease of one to two cells may or may not occur. 
zrade, 10 to 15 per cent immatures may be found. Severe or overwhelming in- 


ections may show 25 to 50 per cent. 
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TABLE IT 


SUMMARY OF 62 SurGIcAL CASES SruDIED WITH SCHILLING HEMOGRAM AND GIBSON INDEX 














DISPRO- | 
NO. PROPORTIONATE POR- IMMATURES|IMMATURES)| PER CENT 
CASES TIONATE |! BELOW 6 ABOVE 6 BELOW 6 
Clean Cases 33 33 100% 0 27 } 6 82 
Moderate Infeetions 10 8 80% 2 7 | 3 70 
. ‘ 
Severe Infections | 49 7 | 36% | 12 6 | 13 31 





Table II contains a second series of 62 cases in which the Schilling count 
was done in addition to noting the proportion between total count and poly- 
morphonuclears. In column two, the uninfected cases, 100 per cent are propor- 
tionate, in moderate cases 80 per cent, and in severe infections only 36 per cent. 
Paralleling these facts, the immature count is within normal limits of 6 in 80 per 
cent of the clean cases, in 70 per cent of the moderate infections, and 51 per cent 
of the severe infections. The trend is to increasing disproportion and an increase 
in immatures as prognosis becomes more serious. 

TABLE III 
ANALYSIS OF 20 CASFS OF APPENDICITIS IN RELATION TO IMMATURE CELLS AND DISPROPORTION 


NO. PRO- DISPRO- IMMATURES IMMATURES'- PER CENT 


CASES PORTION- PORTION- LESS THAN MORE THAN BELOW 
ATE ATE 6 6 6 
Chronie Appendicitis 5 5 0 5 0 100 
Acute Catarrhal Appendicitis t 3 1 2 2 50 
Acute Gangrenous Appendicitis 11 3 8 8 3 73 


In Table III, twenty cases of appendicitis are grouped. The results show a 
rather wide variation, and in the individual case, the hemogram would require 
considerable interpretation and judgment. The marked individual variation 
emphasizes the point that the whole hemogram must be studied, preferably, in 
serial counts. In acute gangrenous appendicitis where operation is done immedi- 
ately and only one hemogram made, all parts of the leucocytie picture must be 


ate _ 
Mad Anas 


considered to avoid being led astray. 


TABLE IV 


Case A.B. ACUTE SUPPURATIVE SALPINGITIS k 


DAY OF TOTAL LYM- IMMA- GIB- 

COUNT TEMP. COUNT POLYS. EOS. PHOS. L.M. TURES SON COURSE 

3-12-31 104 22,100 92 0 6 2 11 +5 Very sick 

3-13-31 101.2 23,100 90 0 7 3 12 4+2 Trifle better 

3-14-31 99.8 15,500 79 1 16 4 5 2 Much improved 

3-16-31 100 20,700 84 1 11 4 7 2 Much improved 

3-18-31 99.2 21,200 81 2 11 6 6 —§ Much improved 


3-21-31 99 14,300 72 4 17 4 5 -7 Much improved 
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The use of repeated counts in observing the progress of an infection is shown 
in Table IV. The high total count with polymorphonuclears increased to plus 
five units of disproportion indicates a severe infection. Other parts of the hemo- 
gram are confirmatory, namely, absence of eosinophiles and increase in immature 
cells to eleven. Succeeding counts parallel the clinical improvement with a fall 
in the total count and polymorphonuclears, reappearance and rise of eosinophiles, 
fall of immatures, rise of monocytes and gradual return of the Gibson index 
from plus five to minus seven. 

COMMENT 


The reports of cases in the literature showing high immature counts deal 
with conditions attended by severe toxemia where there is powerful stimulation 
of the leucocytic organs. Pneumonia, acute meningitis, acute mastoiditis, and 
sinus thrombosis are examples. Such toxice states do not occur in average acute 
abdominal conditions except in neglected cases or cases in extremis. Uninfected 
cases, of course, have no definite increase of immatures. The value to the gen- 
eral surgeon, therefore, lies in a thorough understanding of the blood picture, to 
be able to interpret and weave into the clinical picture variations of a few cells. 

Our experience in this very small number of cases would lead us to believe 
that a slight disproportion between total count and polymorphonuelears will 
often prove of value in turning the shade of opinion in the diagnosis of acute 
surgical conditions before the condition has advanced to the point where an in- 
crease in immature cells commences to show. Menninger and Heim’s® study of 
1945 cases support this view. The immediate value will depend on the surgeon’s 
detailed understanding of the interplay of the white cells gained from experience 
in applying the knowledge to individual cases. Routine postoperative counts are 
valuable in following the course of seriously ill cases and observing complications 
in clean cases, 

CONCLUSIONS 

1. In 231 surgical cases studied with the Ehrlich differential count and Gib- 
son index the total count and polymorphonuclears tend to increase with the 
severity of infection. There is a disproportionate increase of polymorphonu- 
clears to total count in the severe cases. 

2. In sixty-one cases studied by the Schilling method the immature cells are 
found to increase with seriousness of the condition. 

3. There is a wide individual variation in the Gibson index and Schilling 
hemogram. All parts of the leucocytice picture should be considered in interpre- 
tation, and where time allows, serial hemograms are much more valuable in 

stablishing the trend than a single count. 
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THE ACTION OF AVERTIN ON VOLUNTARY AND 
NONVOLUNTARY MUSCLE®* 


J. A. Wappe.., B.A., M.D., CHARLOTTESVILLE, VA. 


VERTIN was synthetized by Willstatter and Druisburg' in 1923 and inves- 
tigated pharmacologically a few years later by Eichholtz.2. Shortly there- 
after, as E 107, it was placed on trial at several German clinies, a number of 
which reported their observations as to its effects on man at the Chirurgen Kon- 
gress of 1927.° In the seant five years which have elapsed since, hundreds of 
papers, clinical and experimental, have appeared, dealing with various phases 
of its action. A review of the existing literature from the anesthetist’s stand- 
point was made by Lundy* in 1929 and a more complete summary was published 
by Ansehultz, et al.,° in 1930. 

The drug, as is well known, is commonly administered rectally as a_ basic 
anesthetic. It rapidly penetrates the mucous membranes of the lower bowel, 
disappearing completely within about fifteen minutes. Its sojourn in the body, 
probably in conjugated form, is very lasting, as is evidenced by the prolonged 
anesthetic effect of one and one-half hours,’ by its enduring analgesic action of 
over twenty-four hours,* and the tardy excretion of the products of its decom- 
position.” With the large doses which are employed (80 to 150 mg. per kg.), 
the tension of the drug in the blood stream rises to a high level, the maximum 
being according to Siebening’® in from twenty to thirty minutes. 

Following the administration of avertin, there have been reported disturb- 
ances in the lower bowel and retention of urine rendering catheterization neces- 
sary. It has been observed in animal experiments that initially, on rectal 
administration, there may be efforts at expulsion, but that these efforts subside 
even before analgesia is in evidence. The above are suggestive of a depressant 
effect being produced locally on the rectum and systemically on the bladder 
and have prompted this investigation of its action on musculature in general. 


EXPERIMENTAI, PROCEDURES 


The avertin (tribrom-ethyl aleohol) used in this report was the pure erystal- 
line substance—not avertin-fluid, which contains amylene hydrate. It was 
prepared from the latter by evaporation in the dark at 20° C., repeatedly 

*From the Pharmacological Laboratory of the Department of Medicine, University 


of Virginia. 
Received for publication, November 18, 1931. 
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washed with distilled water, and dried. The long, glassy crystals thus obtained 
were preserved in glass-stoppered bottles and showed no evidence of deteriora- 
E tion within six months. 





The solutions of the drug were always prepared within a few minutes of 
their intended use. According to the purpose for which they were to be 
employed, the solvents were sodium chloride, Ringer’s, or Tyrode’s solutions. 
The ranges of dilution were from 1:3000 for excised, immersed tissues to 1:40 
for direct application to mucous membranes. ‘To facilitate dissolving, the 
crystals were triturated with portions of the solvent at 40° C. until a fine 
suspension was obtained; this was diluted to the required strength and the 
preparation was maintained at the above temperature until thoroughly dis- 
solved. Then the material, thoroughly shaken, was brought to the working 
temperature and retained at that point until used. 

Both voluntary and nonvoluntary muscle were investigated. Of the 
former group, there were examined the erector spinae, gastrocnemius, abdominal 
oblique and rectus, and sartorius; of the latter, the stomach, small and large 
intestines, uterus, bladder, ureter, arteries, and heart. All the usual kinds of 
laboratory animals were employed: i. e., frogs, turtles, rats, dogs, eats, rabbits, 
and guinea pigs. The effects of the drug were studied on the above tissues in 
the intact animal as well as in the excised state. The details as to the technic 
employed were necessarily different for the several tissues and will be presented 
along with the experimental data. 


EXPERIMENTAL DATA 


The experimental data can best be presented under captions appropriate 
to the kind of muscle dealt with or the specific organ from which taken. These 
will further be subdivided according to the several methods of applying or 
administering the drug. 

1. Voluntary Muscle.—The effect of avertin on freshly excised voluntary 
musele was tried on the gastrocnemius, sartorius, and abdominal rectus and 
oblique, using frogs, cats, and rats; and on the in situ muscle, using the erector 
spinae and ealf groups of frogs and rats. The drug was dissolved in Ringer’s 
solution for the cold-blooded tissue and in 0.9 per cent sodium chloride or, in 
special cases, sodium chloride of a strength slightly stronger or weaker than 
0.9 per cent. 

a. Excised Skeletal Muscle. The whole muscle, or strips eut from it. was 
ispended in a small reservoir of the saline, connected for a direct lever tracing, 
nd lightly weighted. Its tone and responsiveness to electrical stimulation 


f 


minimal shock, induced eurrent) were recorded. Then avertin, dissolved in 

‘ie same saline, was added sufficient to make the desired dilution, or the tissue 
vas transferred to another reservoir containing the desired strength of drug. 
articular attention was given to changes in tone, irritability, and contractility. 
Effects were obtained with concentrations of avertin ranging from 1:400 

t» 1:40. In all cases there was a shortening and an increased firmness in pro- 
portion to the econeentration of the drug. With the higher strengths, this was 
® definite rigor and resembled closely the phenomenon produced by applying 
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chloroform directly to a muscle. With concentrations below 1: 100 the effects 
could be abolished and reproduced repeatedly by alternately immersing the 
tissue in saline and avertin-saline; but with strengths above 1 per cent, it was 
progressively more difficult to restore the initial condition, while with 1:40 the 
shortening became maximal within a few seconds and was not removable. The 
irritability to electrical stimulation was not appreciably altered by 1:100 and 
lower concentrations. but was markedly decreased by higher, no responses being 
obtainable after the maximal shortening had been reached with a 1:40 solution. 
The contractility was little affected, even by the highest concentrations ; i. e., the 
apex of the muscle curve remained on about the same horizontal line. However, 


the tracing was otherwise altered in two notable respects: (1) the latent period 
was lengthened and (2) relaxation was retarded and incomplete, so that the 
tissue failed to relax to the level at which the contraction started. As a result, 





Fig. 1.—-Shortening of voluntary muscle after avertin. Abdominal rectus (rat; excised; 


immersed; 37° ¢.), showing shortening produced by 0.5 per cent solution of avertin, the effect 
of submaximal! stimulation, and recovery on removing the drug. 


when two stimuli were applied at a short interval apart, a stairway-like graph 
was produced. 

While the phenomena were essentially alike after all strengths of avertin, 
a more detailed study was devoted to those below 1:200, with a view to ruling 
out possible changes in osmotic tension. Thus baths were used varying not 
only in the concentration of avertin but also in that of the salts. Various 
strengths of the drug were tried out in normal saline, in half normal, in twice 
normal, and in three-fourths normal, and the results were checked against saline 
of the same concentration. It may be noted that the osmotie tension of avertin 
is low in comparison with that of sodium chloride—probably about 1/80; so 
that 1 per cent avertin in 0.98 per cent sodium chloride is approximately equiva- 
lent to 1 per cent sodium chloride. In the strengths employed, avertin does not 
appreciably alter the osmotic pressure of salines. The surface tension of the 
salines is, however, markedly reduced, and the effects noted above may be it 
part attributable to this, since the alteration in osmotic tension does not operate 
The phenomena resemble water-rigor. In this connection, it may be also noted 
that avertin is an active hemolytic agent. 1 per cent solutions in 1 per cen! 
sodium chloride laking red blood cells almost as rapidly as does distilled wate) 
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b. In situ Skeletal Muscle, the drug being applied directly. Here the drug 
was administered by injection into the adjacent lymph sae or into the surround- 
ing subcutaneous tissue. The erector spinae group in frogs and the thigh and 
calf muscles in frogs and rats were studied. The effective concentrations and 
the resulting phenomena were almost identical with those observed in the case 
of the excised tissue. The shortening of the muscles was evidenced by a 
posture characteristic for the part affected; for instance, opisthotonos after 
injection into the dorsal lymph sae and toe-drop on injection into the ealf of 
the leg. After concentrations of 1: 200, the shortening of the muscle was redu- 
cable by the subcutaneous injection of normal saline. One per cent and higher 
produced a rigor which could not be reduced by the injection of fluids; in fact, 
in the ease of rats following injection of the calf, the lee remained flexed and 
palpably firmer and the lameness persisted for 24 hours or more. Frogs that 





Fig. 2.—Toedrop after application of avertin to the leg. Calf muscles (frog; in situ; 
subcutaneous), showing extension of the ankle produced by 1 per cent solution of avertin and 
the effect of submaximal stimulation of the nerve. 


had received sublethal doses usually recovered their ability to flex ventrally 
within 24 hours. 

c. In situ Skeletal Muscle, the drug being administered intravenously or 
rectally. The effect of absorbed avertin on voluntary muscle was examined on 
the leg muscles of the frog and the rat. The former were pithed; the latter, 
anesthetized with amytal. The arrangement of the experiments was as follows: 
The knee and ankle were fixed by passing pegs through the respective joints ; 
the foot was flexed and connected with a recording lever, weighted just suffi- 
‘iently to describe a horizontal line. Then the drug was injected into the ventral 
lvmph sae of frogs (30 mg. as a 1 per cent solution in Ringer’s fluid per 30 gm. 
nimal) ; and into the femoral vein of rats (100 mg. as a 1 per cent solution in 
0.9 per cent sodium chloride per kg.) or into the reetum (290 mg. as a 2 per cent 
solution in distilled water per kg.). A moderate reduction in tone was observed 
in frogs, when the spinal cord was intact; but with the cord destroyed prior to 
the administration, there was no decrease in tone of the muscles, which may be 
attributed to the tonelessness following spinal pithing. Rats exhibited a decrease 
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in tone both after rectal and intravenous injection; this was greater after the 
intravenous, which may have been due to the tension of the drug having been 
raised more rapidly. The relaxation was greater than after the inhalation of 
ether but much less than after chloroform. In this connection, it may be noted 
that other observers, using different methods, have stated that avertin sys- 
temically effects a relaxation commensurate with that after chloroform.* 

2. Alimentary Tract.—The several parts of the alimentary tract examined 
were the stomach, duodenum, colon, and rectum. Both excised segments and in 
situ organs were studied. The experimental animals employed were cats, rab- 
bits, dogs, and rats. 

a. Excised Seqments. Freshly excised segments and strips from recently 
dead animals were suspended according to the Magnus method'* and immersed 
in Tyrode’s solution. On application of avertin, all parts of the digestive tract 
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Fig. 3.—Relaxation of the intestine after avertin. Duodenum (rat; excised; immersed ; 
37° C.), showing loss of tone and decrease in rhythmic activity produced by 1: 10,000 solution 
of avertin; and also the actions of pilocarpine, atropine, and epinephrine. 


exhibited decrease in tone, amplitude of contraction, and rhythmicity, in propor- 
tion to the concentration of the drug. Effects were observed after 1: 3000; these 
were marked after 1: 1500; and all activity was abolished after 1:300. Re- 
moval of the drug was followed by prompt recovery of activity. Pilocarpine, 
atropine, epinephrine, and barium produced their usual effects even in the 
presence of avertin, though these were quantitatively reduced. Piloecarpine and 
barium were antagonistic to avertin and vice versa. Atropine does not prevent 
the action of avertin, but, as is also true of epinephrine, it augments the depres- 
sive effects on the alimentary tract. 

b. In situ Organs, the drug being applied directly. The parts of the tract 
examined here were the stomach and rectum, the dog and cat being employed. 
Balloons connected with recording tambours'* were inserted in the organ. These 
were then inflated with air, so as to moderately distend the viscus. A stomach, or 
rectal, tube was introduced along beside the balloon to facilitate the administra 
tion of the drug, its inner extremity being placed proximal, distal, or midway 
relative to the balloon. The responses to avertin were in every particular lik 
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those reported above for the excised tissue ; i. e., the tone, amplitude, and rhythm 
were decreased by all concentrations. Following the injection of a 2} per cent 
solution, the usual concentration employed in man to produce basic anesthesia, 
there was a total abolition of all activity, the viseus becoming widely dilated 





with an absence of all contractions. In a few experiments, where hunger con- 
tractions were being recorded, it was noted that such were allayed by the intro- 
duction of $ per cent solutions into the stomach. It was further observed that 
the immediate effect of a rectal injection was an effort at expulsion of the drug, a 
reflex effect due to the chemical irritation which is operative before the drug has 
penetrated to the musculature; but after a few seconds these efforts subsided, 
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Fig. 4.—Depression of the stomach after avertin. Stomach (cat; in situ; balloon record), 
showing the effect 100 mg. per kg. administered through a stomach tube. The small waves, 
which come into evidence as the depression progresses, are respiratory. 





Fig. 5.—Depression of the réctum after avertin. Rectum (cat; in situ; balloon record), show- 
ing the effect of a 1: 100 solution of avertin administered through a rectal tube. 


after which there was occasionally an involuntary voiding, due to the relaxed 





state of the canal. 

c. In situ Organs, the drug being administered intravenously or rectally. 
The stomach and rectum of cats and rabbits were investigated. Balloons were 
inserted in the organs and the same method of recording was employed as in the 
above where the drug was introduced directly into the organ. Here, however, 
the animal was lightly anesthetized with amytal (50 mg. per kg., intraperitone- 
ally) and the avertin was administered intravenously for the observation of its 
effeets on the stomach and rectum and rectally for those on the stomach alone. 
The phenomena produced were so alike those observed on the excised tissue and 
after direct application to the in situ organ that detailed consideration would be 
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hardly more than a repetition of what was stated above. In brief, the rectum 
exhibited decreased activity after 100 mg. per kg., intravenously; the stomach, 
an initial increase in activity, very transient, followed by a decrease, after 
100 mg. per kg., intravenously, and after 200 mg. per kg., rectally. It was noted 
above that pilocarpine and barium antagonize avertin on the excised muscle of 
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Fig. 6.—Depression of the rectum after avertin. Rectum (cat; in situ; 
ing the effect of 100 mg. of avertin per kg. administered intravenously. 





depression after avertin. 
(cat: in situ; simultaneous balloon records), show a transient initial 
rectum produced by 200 mg. of 


Fig. 7.—Initial stimulation of the stomach with subsequent 
Stomach and rectum 


stimulation of the stomach and depression of the stomach and 
avertin per kg. administered intravenously. 

the digestive tract; and it may be observed here that carbon dioxide similarly 
antagonizes in the intact animal, as was demonstrated by the inhalation of the 
gas or its accumulation during asphyxia. 

3. Ureter. Freshly excised ureters of cats, pigs, and calves were stripped 
of their connective tissue and examined, using suspended sections for observa- 
tions on changes in rhythm and whole organs for alterations in passage of fluids. 
The ureter of the pig proved to be the most active. 

a. Suspended Preparations. These sections were suspended and arranged 
for a direct lever tracing, as was done in the case of the alimentary tract. The 
immersion fluid was Ringer’s solution containing 1 gm. of sodium bicarbonate 
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per liter, it having been determined that activity was best exhibited and vitality 
was longest maintained in this rather than in Tyrode’s solution. Only actively 





contracting preparations of the tissue were employed. On changing the bath to 
one containing avertin dissolved in the same Ringer-soda solution, the tissue 
almost immediately became quiescent with concentrations as low as 1: 2000, 





Fig. 8.—Relaxation of the ureter after avertin. Ureter (pig; excised; immersed; 37° C.), 
showing decreased activity produced by a 1: 1000 solution of avertin, and recovery on withdraw- 
ing the drug. 
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Fig. 9.—Dilatation of the ureter after avertin. Ureter (pig; excised; perfused; outflow 
record in drops), showing an increase in the flow of the perfusate produced by a 1: 1500 solu- 
tion of avertin; also, antagonism by barium chloride. 





E while ones of 1: 3000 produced decreased activity. The initial state of the tissue 
ES was restored by a change of the bath to the original saline. 

F b. Perfused Preparations. Cannulas were inserted in the extremities of 
i whole ureters and perfusion was carried on in accordance with the method of 


'rattner, Wright, and Barlow,'* the outflow being recorded with a dropeounter 
of the type described by Biskin and Dan.'* The perfusate, which was admitted 
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through the kidney extremity of the ureter, was 1 per cent sodium chloride con- 
taining 1 gm. of sodium bicarbonate per liter. With this solution, the organ ex- 
hibited rhythmie contractions and a periodic increase and decrease in outflow. 
Avertin, 1: 1500 and 1: 1600 in the above salt-soda solution. produced an in- 
crease in the outflow, which now became regular. These changes were pre- 
sumably due to the inert, tubelike state effected in the passageway, as may be 
deduced from the action of avertin on the suspended ureter. Return to the 
initial perfusate, was followed by a decrease in the flow, but the rhythmic activity 
was not restored. Pilocarpine and barium chloride antagonized the effects of 
avertin, both on the perfused and immersed ureters. 

4. Urinary Bladder. As in the ease of other organs, experiments were per- 
formed on the excised and intact urinary bladder. The drug was applied to the 
excised organ directly and through the blood stream. 





Fig. 10.—Relaxation of the bladder after avertin. Bladder (cat; in situ; balloon record), 
showing the suppression of activity produced by 100 mg. of avertin administered intravenously ; 
also, antagonism by pilocarpine. 


a. Excised Sections. Strips from the bladder were suspended and immersed 
as was done in the case of the parts of the digestive tract. Tyrode’s solution 
was used in the bath; only active preparations of the tissue were employed. On 
application of avertin, depressive effects were exhibited, similar to those observed 
on the intestine; i.e., tone, amplitude, and rhythmicity were decreased with 
weak strengths (1: 2000) and all activity was abolished after strong (1: 800). 

b. In situ Organ, the drug being applied directly to the mucous membrane. 
The results here corresponded with those reported for the immersed sections. 

c. In situ Organ, the drug being administered intravenously. Cats were 
given amytal sufficient to produce the degree of basic anesthesia and whiffs of 
ether were supplemented as necessary during the operative procedures. An in- 
cision was made just above the symphysis pubis; a balloon connected with a tam- 
bour was inserted in the bladder; and the wounds in the viseus and body wall 
were sutured. The balloon was then moderately distended and the tracing be- 
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gun. Within a few minutes, rhythmic contractions and tone changes were in 
evidence, on which were superimposed respiratory and pulse waves. Avertin 
(50 me. per kg., intravenously) diminished the tone and tonus waves without 
appreciably affecting the rhythm. The respiratory waves became more marked, 
probably due to the lowering of the tension in the balloon following the decrease 
in tone of the viseus. After 100 meg. per kg., there was a cessation of all activity. 
The organ was completely relaxed, but could still be excited by parasympathetic 
stimulants (pilocarpine) and muscle stimulants (barium), though doses larger 
than usual were required. 

5. Uterus. The same general lines of experimentation were carried out in 
the case of the uterus as in that of the preceding tissues and organs. Cats, dogs, 
rats, and guinea pigs were employed. 

a. Excised Segments. Sections from the various uteri were suspended and 
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Fig. 11.—Depression of the uterus after avertin. Uterus (rat; excised; immersed ; 
37° C.), showing decrease in tone produced by 1:10,000 solution of avertin and quiescence by 
1: 2500; also, recovery on removing the drug. 


immersed in Tyrode’s solution and the same procedures were instituted as in the 
case of the excised intestine. The organ proved to be very reactive to avertin, 
effects being in evidence after dilutions as low as 1: 3000. These consisted in a 
reduction in tone, height of contraction, and rhythmicity. Strengths of 1: 800 
produced complete quiescence. Washing the drug out, after a few minutes con- 
taet, restored the tissue to its initial activity, rather tardily however following 
the high concentrations. 

b. In situ Organ, the drug being administered intravenously. Rats were 
employed here. The animals were lightly anesthetized with amytal and given 
whiffs of ether during the operative procedures. The abdomen was opened with 
scissors and its edges were raised so as to form a cuplike receptacle, which was 
tilled with physiologic saline at body temperature. The vaginal extremity of 
the organ was immobilized by means of a pointed rod fixed to a stand and the 
ovarian end was attached to a recording lever by means of a hook and thread. 
"he latter was passed around a pulley-wheel so that the organ could be main- 
tained approximately in a horizontal position. Care was exercised throughout 
not to disturb the position or circulation of the contents of the abdominal cavity. 
With the above arrangement, the rat’s uterus usually exhibits active movements, 
consisting in rhythmie contractions and moderate but irregular changes in tone. 
Avertin, administered intravenously, produced a decrease in activity, first of 
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the tone, then of the amplitude and rate of contraction. Doses of 150 to 200 mg. 
were followed by quiescence, while those of 50 to 75 mg. per kg. were usually 
only mildly depressant. 

6. Heart. Three kinds of experiments were performed with the heart 
musele, (a) strips from the ventricle were immersed, (b) excised hearts were 





Fig. 12.—Decrease in uterine activity after avertin. Uterus (rat; in situ; lever record). 
showing decrease in tone and contractions produced by 100 mg. of avertin administered intra- 
venously. The small waves are respiratory. 


CAT 





Fig. 13.—Depression of the heart after avertin. Heart (turtle; excised; perfused; apical rec- 
ord), showing decrease in systole and diastole and slower rhythm produced by avertin. 





perfused, and (e) in situ hearts were treated through the normal blood stream. 
Turtles, dogs, and rats were used. 

a. Immersed Strips of the Ventricle. These were cut from the heart of the 
turtle and immersed in Ringers’ solution containing 1 em. of sodium bicarbonate 
per liter. After regularity in contractions had been recorded, avertin dissolved 
in the same saline was applied. This produced the same picture of depression 
noted for other tissues. Solutions of 1: 2500 decreased the activity; those ot! 
1: 1500 produced quiescence. In both eases, it was possible to restore the tissu 
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in tone, amplitude, and rate by washing out the drug. The same results were 
obtained at 30° C. as at room temperature. 

b. Perfused Hearts. The hearts of turtles were perfused with Ringer’s 
solution, employing a method previously described.’® The perfusate was ad- 
mitted through the vena cava; the perfusion pressure was maintained constant ; 
the record was taken from the apex of the ventricle. After the cardiae activity 
had become uniform, avertin dissolved in Ringer’s solution was admitted. The 
effects observed were the same as in the case of the excised strips. The organ in 
the perfusion experiments was, however, a little more reactive, in that now 
1: 3000 depressed and 1: 2000 produced quiescence. Both auricle and ventricle 
were affected; block was never in evidence. Resuscitation was readily effected 
by perfusion with Ringer’s solution and by administering epinephrine. There 
was not shown the increase in force, preceding the depression, which has been 
deseribed for the rabbit’s heart by Parsons.*® 





Fig. 14.—Cardiac depression after avertin. Heart (rat; in situ; apical record), showing de- 
crease in pulse volume produced by avertin, 200 mg. per kg., administered intravenously. 


c. In situ Hearts, the drug being administered intravenously. These experi- 
ments were of two kinds,. (I) ones performed on rats, specifically for the cardiae 
effects, and (II) ones on dogs, done in the course of a study of the changes in 
blood pressure. 

I. Rat’s Hearts. Amytal was administered to rats in quantity sufficient 
for basie anesthesia; whiffs of ether were supplemented during the operative 
procedures. A cannula was inserted in the femoral vein; artificial respiration 
was instituted; and the apex of the heart was exposed through a small window 
and connected with a recording lever. After hemorrhage had been controlled, 
a few e.e. of normal saline were injected into the vein to make good the loss of 
blood during the preparation of the animal. Care was observed to maintain 
ihe body temperature. With the above technic, the rat’s heart is an excellent 
‘bject for study. The intravenous administration of less than 100 mg. per kg. 
produced no appreciable effect ; but those of 200 mg. per kg., which is less than 
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the anesthetic dose for rats, markedly reduced the pulse volume by decreasing 
both systole and diastole. There were not exhibited the preliminary quickening 
described by Parsons* nor the initial diastolic depression of Anshultz and 
Specht.° 

II. Dog’s Hearts. Dogs were anesthetized with amytal and ether or with 
morphine and ether. A cannula was inserted in the femoral vein and a rectal 
tube was secured in position so that either the venous or rectal route of ad- 
ministration could be employed without disturbing the animal. The pulse and 
blood pressure tracings were taken from the carotid, all observations being made 
under uniform depths of anesthesia. No cardiac changes were observed after 
rectal doses of as much as 300 mg. per kg., nor after 150 mg. per kg. by vein, if 
administered very slowly. It may be noted that dogs are highly resistant to 
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Fig. 15.—Depression of arterial muscle after avertin. Carotid (sheep; excised spirals; 
immersed; 37° C.), showing relaxation produced by a 1: 2000 solution of avertin and the 
antagonistic effect of 1: 1,000,000 solution of epinephrine. 


avertin, the rectal dose for basic anesthesia being about 500 mg. per kg.° and the 
intravenous about 150 mg. per kg.2 However, a 100 mg. dose per vein given 
rapidly or two 100 mg. doses at 15 minutes apart produced a slight decrease in 
the pulse volume, followed by a corresponding fall in the blood pressure. The 
heart recovered within from fifteen to twenty minutes. Further administration 
of the drug introduced complicating blood pressure changes, rendering inter- 
pretation difficult from the standpoint of the heart alone; hence, the effects of 
increasing the dosage will be dealt with in connection with the data on the vas- 
eular system. It may be noted here, however, that no dosage of avertin employed 
altered the cardiac effect of electrical stimulation of the vagus nerve and that 
pilocarpine, atropine, and epinephrine still produced their usual actions on the 
heart. 

7. Arteries. The effects of avertin on the arterial system were investigated 
by three methods, (a) on excised vessels, (b) on perfused tissues, and (¢) on 
the intact animal. 

a. Excised Arterial Strips. Spirals of several circumferences in length were 
eut from the carotids of sheep. Prepared in this manner, the tissue consists 
essentially of cireular fibers.’® These strips were then immersed in oxygenated 
Tyrode’s solution at body temperature and connected with a recording lever as 
in the case of the intestine. The lever was weighted for ten minutes to effect 
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decrease in tone, after which the weighting was so adjusted that a horizontal line 
was recorded. On introducing avertin dissolved in the same saline, the artery 
exhibited a relaxation, which was moderate and gradual with 1: 2000, but pro- 
found and sudden after 1: 1000. The former could be counteracted by epine- 
phrine 1: 1,000,000, the latter by 1: 500,000. Even washing alone restored the 
tissue after the lower concentrations of avertin, so that the effect could be pro- 
duced and removed several times in succession. Accordingly, it does not appear 
that the drug inflicted any damage outlasting its sojourn in the arterial wall. 

b. Perfused Vessels. Frog’s vessels were perfused with Ringer’s solution 
by the Fuehner method,*° the outflow being recorded with a drop counter of the 
kind employed with the ureter.'’ After adjustments had been made so as to se- 
cure a uniform rate of perfusion, avertin 1: 2000 in Ringer’s solution was intro- 
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Fig. 16.—Vasodilatation after avertin. Vessels (frog’s body; perfused; 20° C.), showing 
nereased rate of perfusion produced by a 1: 2000 solution of avertin and antagonism by 
pinephrine. 


lueed. The outflow gradually increased, in some cases by as much as 40 per 
nt, demonstrating a marked vasodilatation. This could be antagonized by epi- 

nephrine but it was necessary to employ massive doses. In connection with these 

experiments, it is interesting to note that Parsons,* perfusing the rabbit’s leg, 
ioted a deereased outflow, while Raginsky, Bourne, and Bruger'’ reported an 
crease in the coronary flow in their work with heart lung preparations. 

Intact Animals. The blood pressure tracings were made in connection 
ith the study of the effect of avertin on the heart and the experimental pro- 
edures were outlined in the paragraph dealing with that topic. The rectal ad- 

iuinistration of 300 mg. per kg. of avertin produced no alteration in the blood 
pressure; the same was true following 100 mg. per ke. by vein, if admitted very 
slowly and as a 1 per cent solution in normal saline. But when injected rapidly, 
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there was a ‘‘shock”’ effect, in which a decrease in pulse volume preceded the fall 
in arterial pressure; recovery ensued within a few minutes. Two slow injectioas 
of 100 mg. per kg. at fifteen-minute intervals, produced a gradual drop in pres- 
sure of 10 mm. from which there was recovery in twenty minutes. The heart 
was seen to contribute, in that while the rate was not changed the amplitude of 
the pulse was decreased (the opposite to what would be the case when the vessels 
are dilated). A third dose now of 100 mg. per kg. was followed by a gradual de- 
cline in pressure, occasionally, even to zero. Death resulted in some cases from 
respiratory failure; in others, from cireulatory collapse, which was vascular, 
in that the heart continued to pulsate after the arterial pressure had become 
zero. 

The question of the blood pressure changes has received a great deal of at- 
tention in literature. Bender'’ concluded from his experiments that they were 
due to decrease in vasomotor tone; Parsons,* that they were cardiac; and Ra- 
ginsky, et al.’® that they were both cardiac and vascular. The conclusions reached 
in my investigation are that they may be eardiac, vascular, or cardiovascular. 
Different species differ as to the susceptibility of the several parts of the cireula- 
tory apparatus to avertin; and different individuals of the same species, prob- 
ably due to their health status,. likewise vary in their responsiveness; for in 
stance, well-nourished animals and goitrous patients tolerate larger doses as a 
result of their increased powers for detoxicating the drug. 

Other observers® ** have reported that epinephrine can restore the blood 
pressure in an avertin depressed animal; this has been confirmed in my work— 
but large doses are necessary in the intact animal, as was also shown on the 
excised arterial strips and in the perfusion experiments. Hence, the antagonism 
of epinephrine does not exclude the presence of a direct depression of the vessel 
wall. The fact that there is depression of the respiratory center, which is the 
most usual cause of death, suggests a depression also of the contiguous vaso- 
motor center. This is no doubt the primary factor in some cases and only a 
contributory one in others. In treating the convulsions produced by strychnine. 
it was noted that avertin produced a decrease in blood pressure even before the 
tetanic spasm was abolished and that it diminished the reflex effect on blood 
pressure following peripheral stimulation in animals which have received a dose 
of strychnine just under the convulsant one. These would seem to be instances 
of a depression of the reflexes which are effective through the vasomotor center. 
It is tenable, moreover, in view of the effect of avertin on the reflexes in general. 


SUM MARY 


1. Experiments have been presented showing that avertin manifests a defi- 
nite action on both voluntary and nonvoluntary muscle. 

2. Applied directly to voluntary muscle, it decreases the irritability and 
produces a rigor-like phenomenon. 

3. After absorption into the blood stream, it does not affect skeletal muscle 
substance directly, but effects relaxation through nervous depression. 

4. Avertin depresses all kinds of nonvoluntary muscle, both on direct ap- 
plication and after absorption into the blood stream. 
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5. The depressant effects in the intact animal are exhibited more uniformly 
and more acutely on the bladder, rectum, and uterus. 

6. Avertin does not qualitativel 
muscle stimulants and depressants. 


alter the reactions of tissue to nerve and 


CONCLUSIONS 


1. The rigor-like effect of avertin on voluntary muscle is a direct action and 
resembles water rigor. 

2. The depressant effects of avertin on nonvoluntary muscle are direct ae- 
tions, affecting the muscle substance. 

3. The changes in blood pressure may be due to depression of the arterial 
muscle, the vasomotor center, or the heart; or to a simultaneous depression of 
two or more of these. 

4. No permanent damage is produced in tissue even by high concentrations 
of avertin, resuscitation being prompt on withdrawing the drug. 


I wish to express my appreciation for the assistance rendered by Dr. D. D. Brame in the 
experiments on the stomach and the cardiovascular systems. 


REFERENCES 


1. Willstatter, R., and Druisburg, W.: About Knowledge of Trichlor- and Tribrom- 
Aethylalkohols, Ber. deutsch. chem. Gesell. 56: 2283, 1923. 

2. Eichholtz, F.: Concerning Rectal Narcosis With Avertin (E 107), Deutsch. Med. 
Wehnschr. 53: 710, 1927. 

3. Verhandlungen d. Deutschen Gesell. f. Chir., Arch. f. klin. Chir. 148: 94-112, 1927. 

4, Lundy, J. S.: The General Anesthetic Tribromethyl Alcohol, Proc. Staff Meetings, Mayo 
Clinie 51: 370, 1929. 

5. Ansechultz, W., Specht, K., and Tiemann, F.: The Avertin Narcosis in Surgery, Ergebn. 
d. Chir. u. Orthop. 23: 406, 1930. 

6. Nestman, F.: Clinical and Pharmacological Data on Avertin Narecosis, Klin. Wehnschr. 
7: 1901, 1928. 

7. Shipway, F.: Avertin Anesthesia, Brit. M. J. 2: 856, 1929. 

8. Parsons, F. B.: Avertin, Canad. M. A. J. 24: 59, 1931. 

9. Parsons, F. B.: Some Pharmacological Aspects of Avertin, Brit. M. J. 1: 709, 1929. 

10. Siebening, W.: Berichte aus Chir. Gesell, 52 Tg. Zentralbl. f. Chir. 55: 1360, 1928. 

11. Burton, C. T.: Personal communication, University of Virginia Hospital, 1931. 

12. Magnus, R.: Experiments on the Surviving Small Intestine, Arch. f. d. ges. Physiol. 
108: 1, 1905. 

13. Carlson, A. J.: Contributions to the Physiology of the Stomach, Am. J. Physiol. 31: 
151, 1912. 

lt. Trattner, H. R., Wright, H. B., and Barlow, O. W.: An Experimental Study of the 
Action of Sodium Iodide on the Exercised and Intact Ureters of Dogs, J. Urol. 23: 
441, 1930. 

15. Biskin, M. S., and Dan, M.: An Automatic Drop Recorder, Proce. Soc. Exper. Biol. & 
Med. 26: 52, 1928. 

16. Waddeil, J. A., and Cohen, M.: The Action of Quinidine on the Amphibian Heart, 
J. Las. & CLIN. MEp. 9: 823, 1924. 

17. Bender, K. W.: Clinical and Animal Experimental Studies With Avertin Anesthesia, 
Beitr. z. klin. Chir. 143: 599, 1928. 

18, Raginsky, B. B., Bourne, W., and Bruger, M.: The Effect of Avertin Upon the Cireula- 
tion, J. Pharmacol. & Exp. Therap. 43: 219, 1931. 

19. Lewis, J. H., and Koessler, K. K.: Demonstration on Arterial Censtriction in Vitro; a 
New Method, Arch. Int. Med. 39: 182, 1927. 

20. Fuehner, H.: Perfusion Methods, Experimental Pharmacology by Sollmann, T., and 
Hanzlick, P. J., 53: 712, 1928 (W. B. Saunders Co., Philadelphia). 


6 WAYSIDE PLACE. 








THE COMPETENCY OF THE REHFUSS TUBE AS A 
COMPLETE EVACUATOR* 


Epwarp F. Stevers, M.D... AaNp Jerome E. Coox, M.D., St. Louis, Mo. 


HE degree of efficiency of the Rehfuss tube as to total gastric aspiration is 

still unsettled. Usually a small residuum is of no importance, but since the 
unaspirated quantity is not known and is variable, erroneous deductions could 
easily be obtained in investigative procedures. We have endeavored by means 
of a sodium bromide solution and the x-ray to demonstrate the extent of failure 
of withdrawal of the total gastrie content by the tube, and incidently to determine 
if the use of the lateral posture is more efficacious than the sitting one in gastric 
evacuation. 

The literature is very meager as to investigative efforts in regard to the 
residuum after aspiration with the Rehfuss type of tube; however, most writers 
apparently believe this procedure adequate. Sahli (Potter)' referring to the old 
style tube with several openings at the lower end, states, ‘‘By use of the special 
perforated stomach-tube we are now able to express the contents of the stomach 
completely.’” Rehfuss, Bergeim and Hawk? in considering the residuum after 
fasting, using the Rehfuss tube, make this statement, ‘‘The method of examina- 
tion by means of the new modified stomach tube is the only satisfactory method 
of determining the complete residuum.’’ Reginald Fitz* also expresses confi 
dence in the sufficiency of the tube. There is likewise little in the literature in 
regard to the most favorable position of the subject for obtaining the best results 
in gastrie evacuation. Sahli (Potter)* states, ‘‘The food is usually expelled bet- 
ter if the patient be in the right or left lateral, rather than in the sitting, 
posture,’’ and further suggests the following maneuvers, ‘‘The contents of the 
stomach are now expressed in the usual way, with the patient lying on the lett 
side. As soon as the flow has ceased, the examiner grasps the patient by the 
shoulders, shakes him well, and holds him over the left side of the bed or table. 
still retaining the left lateral posture, and depresses the head and trunk unti! 
the external end of the tube is lower than the cardia or the epigastrium. ’’ 

Rehfuss, Bergeim and Hawk? write, ‘‘Suffice it to say that we aspirate while 
the subject is on his back, on his stomach and on each side and is breathing 
deeply.’’ Bloomfield and Keefer‘ express the following opinion, ‘‘Our impres- 
sion is that by thorough suction applied with subject on right and left sides an 
in the dorsal position, all free fluid in the stomach can be withdrawn. ’’ 

Before the use of the bromide solution, a bread baked with one third barium 
was tried as a test meal, but the barium separated from the bread during diges- 
tion and clung to the gastric mucosa, giving a shadow out of proportion to tlie 
actual quantity present. However, 90 ¢.c. of a 74 per cent sodium bromide sol:i- 


*From the Medical Service of the Jewish Hospital. 
Received for publication, October i5, 1931. 
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tion, injected into several emptied fasting stomachs, gave satisfactory x-ray 
plates and was rather easily removed on aspiration. 
: Twenty apparently normal patients, who were not obese, were subjected to 
the following procedure: aspiration of the fasting stomach, withdrawal of the 
tube, mastication of ordinary bread, reinsertion of the tube, injection of 90 ¢.¢. 
of a 7} per cent sodium bromide solution, the taking of an x-ray film, second . 
aspiration after about eight minutes, and taking of a second film. Eleven of 
; these patients were aspirated in the sitting posture and the other nine in the two 
lateral positions as well. In the latter series the tube was inserted up to the 


75 em. mark and the patient was turned on the right side, and it was gradually 


ar hc tiak 


| withdrawn to the 50 em. mark, with suction applied constantly, as the subject 





' 
was turned from side to side. This procedure was repeated until no further gas- 
: trie content was obtained. 


Of the twenty patients aspirated after a meal of bread and bromide solution, 
as deseribed, only the stomachs of two patients were completely empty, but im 
none did we find over about 10 ¢.c. In sixteen of them only about 5 ¢.c. of residue 
emained and eleven of these sixteen showed even less than 5 ¢.c. The use of the 
‘eral position does not offer any advantage over the sitting posture, as the two 
vroups give practically the same findings, in fact very slightly better results 
were obtained when only the sitting posture was used. 
For the purpose of estimating the amount of sodium bromide solution in a 
siomach by means of the x-ray, patients were given varying amounts of the 
; bromide solution after aspiration of the fasting stomach. In these specially 
ciected patients we believed that any quantity in excess of 6 ¢.c. gave a definite 
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x-ray shadow. Fig. 1 shows a stomach after the injection of 5 ¢.c. of a 73 per 
cent sodium bromide solution. The large air bubble in the cardia of the stomach 
resulted from the injection of air necessary to push the small quantity of fluid 
into the stomach. Fig. 2 illustrates a stomach after bread was eaten and 90 e.e. 
of the bromide solution was injected. Fig. 3 shows the same stomach after 
emptying. 
SUMMARY 


A residuum of only about 10 ¢.¢., the maximum amount found in any ease, 
is ordinarily a negligible quantity, and when we consider that sixteen out of 
twenty had only about 5 ¢.c. and eleven of these even less than 5 ¢.c., the efficiency 
of this procedure for clinical purposes and for practically all investigative efforts 
is quite evident. Unfortunately, however, at -he present time there is no way of 
determining the degree of completeness of aspiration after any of the food test 


meals. The seemingly strange result of being slightly more successful when only 


the sitting attitude was employed, can be explained when we consider the fact 
that the stomach of one patient in the three positions was of the vertical type 
and very low. Obviously in such a case the previous knowledge that the stomach 
was unusually low would have aided the chances of complete evacuation, as it 
would have been necessary to insert much more than the usual length of tube. 
This patient had a residuum of about 10 ¢.c. Granting that it contained less 
than 5 e.e., the most frequent finding, then the slight advantage would be with 
those in the lateral positions. Since the results in the two groups are so close, it 
seems that the success of withdrawal of gastric content depends on such factors 
as the anatomic position of the stomach, spasm of the stomach (as mentioned by 
Bloomfield and Keefer*), appropriate meal and effective suction apparatus, ete., 
rather than on the posture of the subject. 


CONCLUSIONS 
1. With careful aspiration of a bread and water meal the residuum in most 
cases will be less than 5 ¢.c. and not over about 10 ¢.c. in any ease. 
2. There is no advantage in the use of the lateral posture in the removal of 
gastric content. 
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ENUMERATION OF PARASITES IN THE BLOOD OF 
MALARIAL PATIENTS* 







Water C. Earue, M.D., New York Crry, AND MANUEL Perez, M.D., Porro Rico 








INTON! reviews the methods which have been used for counting malaria 
parasites in the blood and describes a method of his own which appears 

to have been adopted by most investigators making any attempt at enumeration. 
Although his method is practicable and is adapted to field work, the principle 
of the Thomson method* appeals to us more. This method requires only two 











é 
or three accurately graduated pipettes, which can be used over and over; no : 
standard suspension of fowl cells is needed; a larger amount of blood ean be 
conveniently examined in a shorter time than by other methods; and in making i 

6 

3 


the counts one is enumerating only parasites and not corpuscles in addition, 







as is the case when Sinton’s methods are used. 

The objeetions which Major Sinton raises to Thomson's method are logical 
but not difficult to overcome. The first objection, (a) ‘‘that a considerable 
amount of skill is necessary in its use, and the accuracy of the technic may be 
interfered with by the difficulties which attend the taking of blood from persons 
under tropical conditions, especially in the case of children’’ applies to all 
methods, and it is no more difficult to draw blood to a definite mark in one 
method than in another. Objections ‘‘b’’ and ‘‘e,’’ referring to the small caliber 
of the pipette, can also be overcome. Our experience has indicated that it is 










possible to examine approximately 14 cu. mm. of blood in a thick film in about 






ten minutes, the time we had been accustomed to have technicians spend in 
survey work. More recently only five minutes has been spent, the time necessary 
to examine 14 cu. mm. of blood. A pipette for handling that amount of blood 
must have a small bore, but it was found that 5 ecu. mm. could be handled 
very well in pipettes on the market which were graduated in cubic millimeters. 
In these the column length of 5 cu. mm. of blood is about 10 mm., or approxi- 
mately the column length of 4g cu. mm. of blood in the Thomson pipette. The 
bore is large enough to permit easy entrance of the blood and rapid cleaning. 
The pipettes, as found, had too blunt a point to handle such a small amount of 
blood. They were cut into smal! sections just long enough to handle 10 eu. mm. 
of blood, and one end was drawn out to a fine point, the opening of whic! 
would admit the finest wire we had for cleaning and still was large enoug): 
to permit easy and rapid handling of the blood and satisfactory cleaning. I) 


















*The studies and observations on which this paper is based were conducted under ti: 
auspices of the International Health Division of the Rockefeller Foundation in cooperation wi 
the Department of Health of Porto Rico. 
Received for publication, December 9, 1931. 
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case the glass was too thick at the point it was easily ground down to a slender 
point on fine sand- or emery-paper. The pipette is not graduated to deliver 
5 eu. mm. at the tip, but usually the last mark not affected in drawing out the 
point was used as zero, and 5 and 10 cu. mm. marks were made with this as 
a base 

The method of using the pipette is merely a modification of Thomson’s 
technic to accommodate the larger amount of blood used. The blood is drawn 
up to the 5 cu. mm. mark (or to the 10 cu. mm. mark if duplicate smears are 
to be made) and without wiping the point, unless an excessive amount of blood 
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Fig. 1.—Diagram of duplicate leucocyte counts on two blood smears. 


has stuek to it, one spreads the blood over an area 3 by 15 mm. square, which 
in our experience has given a smear which stains uniformly well with Giemsa. 
The area ean be varied, however, to suit one’s convenience. To facilitate as 
uniform spreading as possible, an area of this size is drawn on paper and the 
slide placed over the drawing. One can easily cover this area exactly by follow- 
ing the diagram underneath the glass slide. The amount of blood is large 
enough to be spread with the point of the pipette, and when the area has been 
covered the blood is blown out exactly to the zero mark. It is felt that the 
Stine amount of blood will stick to the point of the pipette upon finishing as 
Wos present when beginning. The rest of the blood can be used for a thin film. 
The pipette can be cleaned by repeatedly drawing in and blowing out clean 
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water from a large container. The water in this container can be changed 
as often as necessary. The time required for the smear to dry depends upon 
the weather. The slide should be kept as level as possible until at least 
coagulation takes place. It was felt at first that the pipette should be dried 
with alcohol and ether, but in practice it has been found sufficient to wash it 
thoroughly with water and to draw the excess water out with the breath. In 
drawing up the next sample the pipette is washed by the first portion of the 
blood column so that the last portion of blood drawn in is quite undiluted by 
any water remaining on the side of the pipette. It is this last portion that is 
delivered to the slide for the counting, and the first portion remains between 
the zero mark and the point of the pipette. If a pipette becomes partially or 
completely clogged it is placed in water for a time and can be easily cleaned 
out with a wire. It has never been necessary to use more than two or three 
pipettes in completing an examination of 400 to 500 blood smears. The pipette 
ean be cleaned before the next survey is started. With a little practice an 


TABLE I 
DUPLICA‘E LEUCOCYTE COUNTS ON Two BLOOD SMEARS 
Number of leucocytes in each band the width of the microscopic field. Every fifth band was 
counted 
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assistant can take the smears as rapidly as the physician can examine individuals 
for enlarged spleen, which is satisfactory time for most survey work. 

There is the possibility that a few parasites may be carried over from a 
heavily infeeted blood sample to the next slide when the same pipette is used 
over and over again. However, series of two or more consecutive positives have 
not occurred more often with this method than with those previously used, and 
there have been numerous instances where the slide following one with high 
counts has been negative. 

The method of enumeration employed in our survey is that advocated 
by Thomson. <A square field is necessary for the counting. <A special eye- 
piece can be obtained in which the diaphragm has a square opening instead 
of the usual round one, or an adequate substitute may be made by cutting a 
square hole in a ecireular piece of paper which will fit into the ordinary eye- 
piece. Too large a field makes counting of heavy infections difficult, while if 
the hole is too small much time is consumed in the counting of light infections. 
We usually have, therefore, two sets of paper diaphragms, one with a large 
hole for use in counting light infections and one with a small hole to be used 
when counting heavy infections. Beginning at one end of the smear the 
observer counts all the parasites found in contiguous fields as he moves from 
one side of the smear to the other. This gives the parasites in a band of the 
the smear the width of the microscopic field. For routine work every fifteenth 
such band across the smear is counted; and as 5 eu. mm. of blood is taken, the 
number of parasites counted will be that in 1/15 of 5 eu. mm., or in 1/3 eu. mm. 
of blood. If counts begin to run very high, fewer bands are counted; but 
if a thorough search is to be made, as for diagnosis, more bands can be examined. 


TABLE II 


DUPLICATE LEUCOCYTE COUNTS ON THE SAME SMEAR 


FIRST COUNT SECOND COUNT 


1 7,000 6,400 

2 7,700 7,500 
3 6,800 6,400 
4 6,100 6,200 
5 6,400 5,500 
6 9,200 9,000 
8,500 8,800 

s 9,600 9,600 
9 9,100 9,900 
10 10,000 10,100 
11 10,900 11,500 
12 10,000 10,700 
13 8,300 9,000 
14 9,100 9,200 
15 7,600 8,100 
16 19,200 19,700 
17 17,700 18,900 
18 18,300 18,300 
19 18,400 17,300 
20 3,200 2,900 
21 2,600 2,500 
22 2,600 2,900 
23 2,600 2,600 


24 2.900 3,000 
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TABLE III 
LEUCOCYTE COUNTS ON DUPLICATE SMEARS 
FIRST SMEAR SECOND SMEAR 


7,700 7,900 
6,500 5,600 
5,500 4,800 
6,100 5,700 
5,900 5,300 
11,200 11,500 
4,000 4,200 
10,400 11,000 
9,100 8,500 
7,600 5,400 
5,200 4,500 
7,600 5,700 
8,100 7,000 
2,800 2,500 
5,000 4,800 
2,700 2,600 
6,500 6,000 
5,400 6,300 
3,900 3,400 
5,900 6,800 
6,800 6,700 
2,500 1,300 


TABLE IV 
COCYTE COUNTS COMPARED WITH THOSE OF HEMOCYTOMETER 


HEMOCYTOMETER DIRECT COUNT OF 14 CU. MM. 


9,300 7,000 
8,700 9,000 
10,300 10,900 
21,900 19,200 
3,800 3,200 
4,200 6,700 
8,300 7,600 
3,400 2,600 
4,300 4,900 
7,600 6,200 
4,900 5,700 
3,200 3,300 
12,400 12,300 
2,800 3,700 
5,900 6,200 
7,800 5,900 
7,200 3,600 
5,400 6,500 
7,200 6,700 
2,900 1,900 
9,800 10,700 
4,200 6,500 
7,200 6,700 
4,500 5,800 
12,100 10,200 
7,600 8,500 
9,500 10,200 
1,900 1,400 
4,400 4,800 
6,700 6,300 
7,900 9,400 
6,200 4,600 
6,100 5,500 
7,200 7,700 
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With the use of the oblong smear more bands can be conveniently examined 
and thus any unevenness in the outline of the smear will be compensated for, 


though as a rule such a small amount of blood is found in the actual margin 







that there is very little error. 
It may happen at times that the slide is tilted slightly before it is dried, 
so that the blood runs a little to one end. This is not a serious matter, for 






the gradation in thickness from one end to the other is very uniform, as is 






TABLE V 
COUNTS OF MALARIA PARASITES MADE ON THE SAME SMEARS BY TWO MICROSCOPISTS 
















PARASITES PER CU. MM. 


] MICROSCOPIST NO. 2 


TOTAL 
















MICROSCOPIST 





NO. 












’ 1 28,188 48,048 
F 2 56 64 
3 ; 104 56 
d 4 6,298 7,227 
5 4,972 5,962 
1 6 3,360 3,640 
4 y 196 182 
B; 8 316 32 
: 9 162 162 
a 10 8,124 8,916 
; 11 264 298 
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36 8,004 7,168 

3 37 1,503 1,704 
. 38 74 92 
39 36 38 
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5 2 128 108 
3 23 264 
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45 582 348 
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shown in Table I and in the diagram (Fig. 1) of duplicate counts made on 
two specimens, where the entire smear was counted. The variation is about a 


straight line and of not too large a magnitude; this is shown by the small 
standard deviation as compared with the value of the mean after the removal 
of the trend. 

That it is possible to make on the same smear duplicate counts of leucocytes 
which check closely is shown by the results on 24 smears listed in Table II. It 
is also possible to make counts on duplicate smears from the same individual 
which check, as shown by the results of examination of 22 duplicate smears 
(Table III). Finally there is as close a check with counts of the hemocytometer 
as one generally finds in work of this nature, for the leucocyte count varies 
considerably over short periods of time (Table IV). For the present at least, 
there is probably no need of a more accurate method of enumerating malaria 
parasites, for the variations that have been noted thus far as accompanying 
fever, etc., are many times greater than any variation due to errors in technic. 


CONCLUSIONS 

The main disadvantages of the Thomson method of enumerating malaria 
parasites in the blood, as stated by Sinton, can be easily overcome. 

The method is simpler than other methods, makes possible the counting of 
parasites in lightly infected persons, and can be used as an accurate diagnostic 
method as well because of the larger amount of blood easily available for exam- 
ination. 

The type of pipette here described was used because it was already on the 
market for other purposes and was easily adapted to our needs. 

The method has been used in several surveys, and duplicate counts have 
given results comparable to those for leucocytes (Table V). 
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COOPER’S MODIFICATION OF THE ZIEHL-NEELSON STAINING 
METHOD AS APPLIED TO TUBERCLE BACILLI IN TISSUE* 
Doue.as M. Gay, M.D., New Haven, Conn. 

N 1926 Cooper’ reported a simple modification of the Ziehl-Neelson staining 

method for tubercle bacilli which, when applied to smears of sputum, demon- 
strates many more bacilli than the ordinary method does. The method has since 
been adopted and used routinely in place of the Ziehl-Neelson method by a num- 
ber of laboratories. Since there appears to be no report of its application to the 
staining of tubercle bacilli in tissues, the following observations of a small num- 
ber of duplicate sections are reported. 

Carefully selected blocks of various human tuberculous tissues, fixed in 
Zenker’s fluid and embedded in paraffin, were sectioned. Two consecutive see- 
tions from a uniformly thin ribbon were mounted from each block. After re- 
moval of the paraffin in the usual manner, one slide of each pair was stained two 
hours or overnight in an incubator at 38° C. with Ziehl’s carbolfuchsin modified 
by the addition of 3 ¢.c. of a 10 per cent solution of sodium chloride per 100 c.e. 
of earbolfuchsin. These slides were then placed in an ice box for thirty minutes 
during which the stain was precipitated. The other slides from each pair were 
stained two hours or overnight at 38° C. with Ziehl’s earbolfuchsin but without 
the addition of sodium chloride and without subsequent chilling in the ice box. 
From this point the treatment of both sets of slides was identical. After wash- 
ing with tap water the tissues were decolorized with 5 per cent nitric acid 
(sp. gr. 1.4) in 95 per cent alcohol for about one minute, followed by another 
washing with tap water. A mixture of methylene blue and azure IT was used 
as counterstain. This is the nuclear stain routinely employed in the Mallory 
phloxine-methylene blue method and is prepared from two stock solutions, one 
a 1 per cent aqueous solution of azure II and the other an aqueous solution of 
1 per cent methylene blue and 1 per cent borax. For use mix 1 part azure II 
solution with 1 part borax-methylene blue solution and dilute with 18 parts of 
water. The diluted stain should be used immediately as it does not keep. The 
sections were stained for ten minutes in the methylene blue-azure II solution 
after which the slides were washed with water and differentiated in 95 per cent 
alcohol containing a drop of colophonium (resin) in xylol. Dehydration, clear- 
ing, and mounting were carried out in the usual manner. There were thus avail- 
able 43 duplicate sections prepared in parallel, the only difference being in the 
carbolfuehsin stain and its method of application. 

For comparison one or more isolated tubercles containing 10 or more 
tuberele bacilli were selected in each section. All the tubercle bacilli in the areas 


selected were counted by means of oil immersion lens, No. 10 Bausch and Lomb 


*From the Sanatorium Division, Hospital Department, City of Boston, Massachusetts, 
The Division of Pathology, Yale University School of Medicine, New Haven, Connecticut. 
Received for publication, December 12, 1931. 


1131 





1132 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


binocular eyepieces, and mechanical stage. Identical areas in each pair of sec- 


tions were examined. 

Structural detail of the tissue is equally distinct with both sets of slides. 
The blue nuclear stain does not differ appreciably in appearance from that of 
sections prepared by the routine phloxine-methylene blue method in which the 
same methylene blue-azure II mixture is used. The acid alcohol decolorization 
leaves the cytoplasm light red in color. The tubercle bacilli stand out as bright 
red rods distinetly clearer and, as Cooper noted, with fewer hairlike and beaded 
forms when stained with the modified carbolfuchsin. No troublesome artefacts 
were encountered. Further observations are as follows: 


Number of cases 43 
Number showing more bacilli by modified method 35 
Number showing more bacilli by Ziehl-Neelson method 2 
Number showing approximately equal numbers of bacilli 6 
Total number of bacilli by modified method 4324 
Total number of bacilli by Ziehl-Neelson method 2875 


The findings of one and four-tenths times as many bacilli by the modified 
method corresponds to Cooper’s figure of one and seven-tenths times as many in 
sputum smears using Loeffier’s methylene blue as counterstain. Counterstains 
other than the methylene blue-azure II reported here are undoubtedly applicable, 
but brilliant green is not among these, since it is too readily removed from the 
tissue by aleohol. The only advantage of the blue stain suggested is that it is 
a color with which most pathologists are accustomed. 


SUMMARY AND CONCLUSIONS 


1. A method for staining tubercle bacilli in tissue is deseribed, using 
Cooper’s modification of carbolfuchsin. 

2. The method differs but slightly from that in common use and demon- 
strates one and five-tenths times as many bacilli. 

3. The bacilli stand out as bright red solid rods against the background of 
tissue in which structural detail is clearly defined. 
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DETERMINATION OF Py VALUES OF URINE* 


L. F. Prerce, Pu.D., CARMEL, CALIF., AND CLARA S. Rick, R.N., SAN Dieco, CALir. 


INTRODUCTION 


N A recent article, Pratt and Swartout! discuss Py determination in routine 

urinalysis and make a strong plea for integrity in such work. This plea is 
extended to the clinician that he strike a happy medium between blind faith in 
routine reports and absolute contempt for reports from the most carefully con- 
trolled souree. 

Some time before the appearance of the paper above referred to, we engaged 
upon an investigation of the validity of colorimetric determination of Py in 
routine urine specimens. Pratt and Swartout' state that there are two errors 
commonly met, i. e., actual Py change on account of dilution and intrinsie altera- 
tion of indicator color by the color of a deeply tinted specimen. They set forth 
that they have found this last error running as high as 0.4 unit. They further- 
more state that error due to dilution is less than 0.2 unit even with ratios run- 
ning as high as 1:20. Myers and Muntwyler? are cited to the effect that color- 
imetric determination of Py runs about 0.2 unit in error due to the determina- 
tion being made at room rather than body temperature, and that this might well 


be corrected by subtracting this amount from the value commonly reported. 
0.7177—0.00074 t-V—v 





When we recall one form of the equation of Nernst as Py = 00001983 T 


where t is the temperature of the solution, V the measured voltage due to 
potential difference between the two electrodes, v a correction factor for the 
potential of the calomel electrode, and T the absolute temperature, describes the 
condition of the quinhydrone electrode and the calomel reference electrode in 
terms of hydrogen ion normal, it is of course obvious that with a higher tempera- 
ture and assuming it as the only permitted variable, P;; must numerically be a 
smaller number. 

Pratt and Swartout' further state that inasmuch as the usual indicaters for 
this purpose are yellow on the acid side and the intrinsie color of the specimen is 
a yellow, that the tendency would be to show more acid than is actually the case, 
while dilution on the other hand would tend to actually reduce hydrogen ion 
concentration or in terms of Py to give a numerically greater value. They defi- 
nitely state that the condition is one of compensating errors and that the results 
‘commonly gotten are worth fair credence. A critical study of the fundamental 
quation and particularly its plotted curves as met with so many times in life all 
he way from the population growth of a pair of fruit flies in a milk bottle, to the 
iealing rate of a cut or the growth of a human being from the fertilized ovum to 
‘dult magnitude, causes us to suspect the strict validity of such a statement. 

*From the Laboratories of the Grace Deere Velie Metabolic Clinic and Laboratory of 

J. Pickard, M.D. 
Received for publication, December 21, 1931. 
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e* type which asymptotically approaches a limit tells us the 


Any curve of y = 
story that variance may be slight under middle conditions but considerable as 


we approach one or the other limit. 

The matter of ‘‘salt error’’ is well recognized as a source of difficulty in 
colorimetric measurement of Py and is wisely noted by Myers and Muntwyler.* 
However we have had oceasion to watch routine procedure in various clinical 
laboratories, both institutional and private, over a period of years and the com- 
mon procedure by better workers is to make a water dilution to compensate for 
specimen color and then to add the indicator and match against standard buffer 
tubes. The question often rose as to just what correlation existed between 
colorimetric and electrometric values with the result that the present work was 
started. 

EXPERIMENTAL 

This comprises the results gained by examination of one hundred routine 
specimens brought to a private clinical laboratory for examination. The color- 
imetric determinations were made with La Motte equipment, using distilled 
water for dilution. The electrometric measurements were made with Leeds and 
Northrup equipment for the quinhydrone electrode with a Clark type saturated 
calomel cell. All measurements were made at 25° C., both electrometric and 
colorimetric. The quinhydrone electrode was frequently checked against a 
standard buffer of Py = 4.63 + 0.01 at 25° C. and the variance was never 
more than 0.02 unit. Further this standard buffer was checked by the 
hydrogen electrode and found to agree with the label specifications. Also, the 
calomel electrode was daily washed out with saturated potassium chloride solu- 
tion from an outside reservoir and checked against the buffer before and after 
washing. 

The saline diluent of Myers and Muntwyler* was disregarded for the reason 
that from their article it did not appear to be beyond the limit of elinical 
significance. 

It is further set forth in the above referred to article that with salt concen- 
trations of more than M/15 the colorimetric value is greater than the electro- 
metric, while with smaller concentrations, the reverse is true. 

The results of our investigation are given graphically in Fig. 1 and in 
tabular form in Table I. 

The last seven colorimetric values of Py 7.6 are starred inasmuch as they 
matehed the buffer tube of the last indicator available at the time, and therefore 
equal 7.6 or some numerically greater value. The one hundred specimens were 
arranged in order of numerical increase of Py as measured colorimetrically and 
the corresponding quinhydrone values are arranged in order of increasing devia- 
tion from their respective colorimetric values. Therefore the graph should be 
examined in sections or by the tabular series steps. 


DISCUSSION AND EXPERIMENTAL 


The first significant item is that out of one hundred specimens, but nineteen 
give colorimetric values in excess of electrometric values. When we recall that 
we dilute for a colorimetric determination, it is clear that if the equation of 
Nernst gives a true picture, all the quinhydrone values, made at voided concen- 
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tration, should represent numerically smaller Py values. Here we have 81 per 
cent of our data failing to do this. Evidently we have to contend with other 
variables. There are at least 54 per cent of our specimens which deviate at least 
0.4 Py unit up to a maximum deviation of 2.53 Py units. These deviations are 
all in the opposite direction to what would be expected according to Nernst’s 
equation, with the only controlled variable the dilution. Two per cent of the 


TABLE I 


Pj, COLOR 
4.6 5.2 ‘ 5.9 
4.8 5.55 é 6.0 
5.0 o.4¢ 6.0 
5.0 oO. 6.0 
6.0 
6.0 
6.0 
6.0 
6.2 
6.2 
6.2 
6.3 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.4 
6.6 
6.6 
6.6 
6.6 
6.6 
6.6 
6.8 
6.8 
6.8 
6.8 
6.8 
7.0 
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4 
4 
#3 


> a) 


He Oooce 


bo bo 


* 
e] 


* 


57 
59 5. is 
46 | 5. | 6.83 
22 5. 7.60 
56 5. 8.33 


* * x 


NNNNNANANN NNN NA 
* 


HAAARAaS ati 
* 


*Denotes upper colorimetric limit. 








1136 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


specimens fell more than 0.4 unit below the colorimetric values, thus showing a 


oreater degree of acidity than measured colorimetrically. Thus we see from these 
and inspection of the curves, including the first two of the colorimetric 
values, that out of 95 reliable items a total of 41 specimens give electro- 
values in excess of 0.4 unit divergent from the colorimetrie ones. This 
54 specimens measuring electrometrically and colorimetrically within 


figures 
Py 7.6 
metric 
leaves 
+0.4 unit which is certainly within the range of clinical significance. 





Fig. 1 


Again neglecting the last five of the Py 7.6 specimens, we find that there are 
15 specimens reading from 1.0 to 2.53 units higher numerically, or more basic 
than the colorimetric values. These are respectively: 1.68, 1.1, 1.35, 1.55, 1.7, 
1.05, 1.15, 1.07, 1.0, 2.3, 1.3, 1.65, 2.53, 1.55 and 1.1 units as picked off the graph. 
With respect to the heavy double Py 7.0 line of neutrality drawn squarely across 
the graph, we see by inspection that six specimens were reported on the basis of 
colorimetric determination as fairly acid when they were actually basic and two 


ot them extremely so. 
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In view of the foregoing, we are now forced to take stock. I. M. Kolthoff and 
T. Kameda‘ have recently published work which is most significant. Kolthoff® 
has pointed out that 0.1 ¢.¢. of 0.04 per cent methyl red when added to 10 c¢.c. of 
water of Py 7.0, gave a color corresponding to a Py of 5.1. He has likewise 
shown that in the measurements of Py in slightly buffered solutions, reliable re- 
sults are to be had only on adding an indicator of the same Py as the unknown. 
Faweett and Acree® call such indicator solutions ‘*‘adjusted’’ or ‘‘isohydrie.”’ 
Kolthoff and Kameda state ‘‘As the molecular concentration of indicators in 
colorimetric work is of the order of 10-° or smaller, the ‘acid’ or ‘base’ error 
will only be noticeable in solutions with extremely slight buffer action. Large 
errors, however, may occur when the Py of pure water or solutions of neutral 
salts in water or extremely dilute solutions of acids or bases have to be 
measured. ”’ 

Kolthoff and Kameda further refer to the work of MeBain, Dubois and Hay* 
and of McBain, Laing and Clark* where it is stated that phenol red, 0-cresol red, 
phenolphthalein, and thymol blue cannot be used for the colorimetric determina- 
tion of Py in extremely dilute sodium hydroxide solutions as the experimental 
figures differ by more than one or two units. The work of Kolthoff and Kameda 


however shows the conclusion to be unwarranted if precautions are taken against 
contamination by carbon dioxide, if isohydrie buffer solutions are used and if the 
proper salt correction is used. In their conclusions they state that with isohydric 
phenolphthalein or thymol blue solutions, the Py of extremely dilute sodium 


hydroxide has been measured with an accuracy of 0.1 in Py unit. 

When the foregoing is taken coupled with the work of Myers and Muntwyler* 
we are forced to the conclusion that with the painstaking effort of the latter 
workers, their variations between electrometric and colorimetric values being of 
considerably greater magnitude than those of Kolthoff and Kameda, there are 
certainly other variables playing a considerable part. Especially is this clear as 
we again inspect Fig. 1. 

An error which has not been mentioned in any of these citations is the 
‘protein error’’ discussed by Clark® and Britton.’ In view of the composition 
of the urine, we may safely say that we are dealing with a fluid which contains 
acid or base in weak concentration, various buffers as carbonates, bicarbonates 
and phosphates, proteins and perhaps matter in the colloidal state, certainly in 
those cases where albumin is found chemically and casts microscopically. It is 
interesting to note that in every case in Fig. 1 where an extremely wide diver- 
“ence was found, albumin was present in large amounts. 

At this point the question was introduced as to how Py values by the quin- 
livdrone electrode and the hydrogen electrode would compare. Further, the 
effect of buffers was clearly worthy of further study, and it was clearly of im- 
portance to get all conditions into as nearly comparable a state as possible. 

Therefore intensive work was engaged upon with a small number of patients 
tuving histories of albuminuria. The colorimetric determinations were made 
with a Hellige Klett colorimeter using standard dises, graduated tubes for dilu- 

mn, standardized indicators added to the specimens in metered amounts accord- 
ig to the indicator used, and finally plane parallel glass chambers for the speci- 
inen and color and for the plain specimen for backing the standard colors. Arti- 
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ficial light is used in this apparatus, thus giving constant illumination. This 
type of apparatus represents the finest available for colorimetric determination 
of Py and is distinctly superior to the ordinary scheme of matching tubes held in 
the hand as done in the first hundred of Fig. 1. Colorimetric determinations 
were made at first on straight specimens as voided and on specimens of 21% c.e. 
diluted to 10 with distilled water. Later this was expanded as shown in Tables 
II and III under the headings ‘‘ Py (ind. 1x)’’ to indicate a determination made 
with the appropriate amount of indicator and ‘‘Py (ind. 2x)’’ to indicate a de- 
termination made with twice the appropriate amount of indicator. Still later 
the specimens were clarified by shaking with the activated char ‘‘Norit’’ and 
filtering after which the determinations were duplicated. Phosphates were de- 
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termined by titration with uranium acetate using potassium ferrocyanide as an 
indicator and expressed in grams of phosphorus pentoxide per 100 ¢.c. of speci- 
men. Albumin was determined with a ealibrated centrifuge according to the 
method of Shevky and Stafford": and plotted on Figs. 3 and 5 for convenience in 
tenths of cubie centimeters of precipitated protein. Hydrogen electrode de- 
terminations were made on both elarified and unclarified specimens, the data on 
the unclarified specimens only being given in Tables II and III for the reason 
that their divergence from quinhydrone values was of exactly the same order 
as the clarified. 

The hydrogen electrode determinations were made with Leeds and Northrup 
equipment, using the Type ‘‘K’’ potentiometer, a standard cell calibrated by the 
Bureau of Standards, tank hydrogen purified by bubbling through potassium: 
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permanganate, alkaline pyrogallol and finally water to the Hildebrand hydrogen 
electrode which worked very nicely and came to balance well and speedily in 
about ten minutes. The saturated Clark type of calomel electrode was used and 
the 2420 ¢ galvanometer was used. Temperature and barometric conditions 
were taken into account. 

The first item to be observed by study of Figs. 2 and 4 is that hydrogen 
electrode and quinhydrone electrode values are of virtually the same order. The 
divergence ranges from 0.02 to 0.08 Py units, averaging very closely to 0.05 and 
always toward the basic side. We may therefore conclude that quinhydrone 
electrode values are entirely satisfactory for urines and if extreme accuracy is 
desired, the quinhydrone value should have added to it 0.05 units. This is en- 
tirely in accordance with the work of Cullen and Earle’? in their work on blood 
plasma or serum Py, values. 


From a consideration of Fig. 1 it appeared that the incidence of albumin 
might be a large factor in the divergence between electrometrie and colorimetric 
values of Py. Careful consideration of Figs. 2 and 3 and Figs. 4 and 5 does not 
bear this out. The relation between albumin content and divergence between 


cleectrometrie and colorimetric values is purely accidental. It is to be noted 


‘owever that in none of these determinations do we have divergences of the order 
' the maximum of Fig. 1. The reason is the vastly superior results gained by 
ise of the Hellige-Klett apparatus. 

The action of buffers depends entirely on the mechanism of hydrolysis. 
‘his in turn is quantitatively affected by the equivalent buffer content. The only 
vuffer which occurs in any great concentration in urine is phosphate. Therefore 

e felt that phosphate determination would give a fair measure of buffer action. 
/Xamination of Figs. 2 and 3 and Figs. 4 and 5 again reveals nothing more than 
ceidental relationship. Thus we are forced to the conclusion that the urine is 








1142 THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


under most conditions a well buffered fluid to such an extent that buffer varia- 
tion is of no significance in Py determination. 

Reexamination of these four illustrations however shows us clearly that vari- 
ation or divergence does occur and only occasionally in the cases of these two pa- 
tients did colorimetric and electrometric values approach the same value. Clari- 


fication of the specimens finally gave the answer to this. The only clarifying 
agent of any efficiency we found was activated char ‘‘Norit.’’ This worked well 
and speedily. It however adsorbed not only coloring matter but hydrogen ions 
as well, as the Py in every case was more after clarification. It did not adsorb 
phosphates as the results were of exactly the same order after clarification as be- 


fore and hence were not tabulated. Albumin content was essentially the same, 
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but in some cases if the specimen was allowed to stand a few minutes before 
filtering, the albumin was reduced by as much as 10 per cent. But this was in 
no case reduced to the minimum albumin value for either patient. Inspection of 
Tables II and III reveals that electrometrie values after clarification are of the 
order of the mean value between colorimetric values with the appropriate and 
twice the appropriate amounts of indicator. The indicators were tried on water 
solutions of buffers and the agreement between electrometric and colorimetric 
values with the appropriate amount of indicator was perfect. Therefore we are 
forced to the conclusion that a part of the indicator is adsorbed by the albumin 
and thus made ineffective and this error could only be compensated by adding 
more indicator. However the fact that such values include between them the 
electrometric values gives us the clue to the divergence in the unelarified speci- 
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mens which results from the color of the specimen. The color and appearance 
of each specimen had been recorded and study of this record revealed the cor- 
relation. A weakly colored specimen gave a colorimetric value which was close 
to the electrometric. As depth of color increased, the divergence became more 
marked whether straight or dilute. A deeply colored specimen diverged widely. 
A pale specimen gave good agreement. 

An item of entirely separate interest is to be seen on Figs. 2 and 3 and Figs. 
4 and 5. In general in the case of both of these patients there was fair agree- 
ment between albumin output and hydrogen ion concentration measured eleetro- 
metrically in that the higher the acidity, the lower the albumin output. Further 
work is in progress to determine the validity of this preliminary and incidental 
observation. 


Fig. 5 


It is perfectly true that the quinhydrone electrode has protein errors and 
salt errors. Likewise it cannot be conveniently used much above Py 8 because 
hydroquinone then behaves as a dibasic acid and has an effect on the hydrogen ion 
content of the cell. Consideration of the dissociation constants of hydroquinone 
as found in Britton'® shows that in unbuffered solutions of around Py 6 the 
errors may be quite appreciable. Britton gives an excellent discussion of the 
work of La Mer and Parsons" on this point. The magnitude of such errors does 
tot rise sharply until a Py of 8.30 is reached according to the hydrogen electrode. 
\t this point the error is 1.24 units. We must carefully note that this error is 
in the direction of a false acidity or in other words under such conditions the 
uinhydrone electrode indicates a greater acidity than is actually the case. It is 
significant that the wide divergences of Figs. 1, 2 and 4 are in the opposite di- 
rection or toward the basie side. With respect to the protein error, Kolthoff'* 
lias shown it to be 1.24 units with casein and sodium hydroxide while with blood 

rum and buffers the error is no more than —0.18 unit. 

It must not be forgotten that indicators are usually acids made up in base, 
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and they certainly have the potentiality of neutralizing a part of the base of a 


specimen, thus giving an erroneous color. 


SUMMARY 

1. A comparison of Py values in urine determined in accordance with av- 
erage good clinical laboratory procedure, electrometrically and colorimetrically 
shows a trifle more than a one to one chance of the colorimetric value being 
within a limit of +0.4 unit of the electrometric true value. 

2. At least 7 per cent of a hundred routine specimens of urine are actually 
far more basie than shown by colorimetric determination, by numerical magni- 
tudes of scientific and perhaps clinical interest. In the case of grave illness this 
percentage jumps to over twenty-six. 

3. These divergences arise from the intrinsic color of the specimen. 

4. Clarification experiments have shown that even removal of coloring mat- 
ter still exposes fundamental weakness of colorimetry with its ‘‘estimations’’ as 
compared with electrometric determinations. 

5. The direction of divergence between electrometric determinations on un- 


diluted specimens and colorimetric determinations on both diluted and straight 
specimens is largely an exact opposite of what might be expected from the 
equation of Nernst, showing conclusively that the dilution error is neither the 


only nor the largest error encountered. 

6. If Py determinations are to be made on urines, they should be done with 
the quinhydrone electrode which is simple, of no greater cost than a good color- 
imetrie outfit, capable of faster handling than colorimetric equipment of the 
best kind and very easily cared for. 

7. It appears that albumin output is reduced in general as acidity of the 
urine rises, in at least some cases. Further work is in progress on this point. 
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PHOSPHORUS METABOLISM 


Ill. On tHE DETERMINATION OF PHOSPHORUS IN URINE* 


Guy Younaesrra, Pu.G., Pu.D., Burraro, N. Y. 

FTRHE method by which phosphomolybdate is reduced with stannous chloride to 
4 give a blue color, recently adapted to the determination of phosphate in 
blood,’ ean be readily applied in simplified form to urine. There are no inter- 
fering substances in sufficient concentration. The method is accurate and rapid. 
Very little urine is required. 

The following is the outline for the determination of inorganic phosphate. 
(If total phosphorus is desired, oxidation with sulphuric acid and hydrogen per- 
oxide as for blood must be done. ) 


SPECIAL REAGENTS REQUIRED 


1. Molybdate-Sulphuriec Acid Mixture. Mix 50 ©. of 7.5 per cent sodium 
molybdate, NasMoO, - 2H.2O, ¢.p. (P-free), 25 ¢.¢. of water, and 25 ¢.e. 10 normal 
sulphuric acid. (The same volume of 12.8 per cent ammonium molybdate, 
(NH,4)¢Mo;-4H2O, may replace the sodium molybdate solution. ) 

2. Stannous Chloride Solutions (stock and dilute solutions as prescribed by 
Kuttner and Cohen?). Dissolve 10 grams e¢.p. stannous chloride in 25 ¢.e. con- 
centrated hydrochloric acid. Store in a brown glass-stoppered bottle. Dilute 
1 ¢.c. of the above stock solution to 200 ¢.c. with water. A new dilution is made 
about every 5 days unless a turbidity should develop sooner. 

3. Standard Phosphate Solution.—Dissolve 0.4389 gram pure, dry mono- 
potassium phosphate in water enough to make 1000 ¢.c. 10 ¢.c.=1 mg. P. Dilute 
10 e.c. of the stock solution to 100 ¢.¢. 1 ¢.¢. = 0.01 mg. P. Preserve by acidify- 
ng with sulphurie acid. 

PROCEDURE 


Dilute 1 ¢.c. of urine to 100 ¢.¢. Of this diluted urine transfer 1 ¢.¢c. and 

~ ¢.c. to test tubes accurately graduated at 10 ¢.¢.+ Transfer 2 ¢.c. (0.02 mg. P) 

of standard phosphate solution to a similar test tube. Add to each tube water 

'o make about 6 ¢.c¢., then 2 ¢.¢. of molybdate-sulphuric acid mixture, 1 ¢.c. of 

dilute stannous chloride solution, and water to the mark. The addition of stan- 

ae. Department of Biological Chemistry, University of Buffalo Medical School, 
teceived for publication, November 11, 1931. 


7If desired tubes graduated at 20 ¢.c., or 50 ¢.c. volumetric flasks may be used, with 
sportionately more of urine and reagents. 
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nous chloride, water to the mark, and final mixing should be done without delay. 
After 1 minute compare in the colorimeter the tube which comes nearer in color 
to the standard. If the color does not come within 30 per cent of the standard, 
the determination must be repeated with a corrected amount of urine. 







Caleulation: 
Reading of standard 100 
— X 0.02 X : ; 
e.e, dil. urine taken 








=mg. P in 1 @e. urine. 











Reading of urine 
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A MICRO METHOD FOR BLOOD UREA NITROGEN* 







PHILADELPHIA, PA. 





ALEXANDER G. KELLER, JR., PH.G., B.S.., 








ITH the growth of chemical analysis of blood in routine hospital labora- 
tories, a demand has arisen for micro methods of analysis. These methods 
should not replace the usual routine methods, but should be used only as an 
emergency laboratory procedure in connection with patients of difficult venipune- 
ture. To make a special set of reagents for the occasional use of micro methods 
is time-consuming and expensive. With this in mind the following method was 
developed, using the reagents of Karr’s' Urea Nitrogen Method and making one 
new solution for precipitation of proteins. 

Protein is precipitated from blood by means of tungstie acid. To the filtrate 
is added urease and phosphate buffer. It is then incubated for ten minutes at 
r 50° C. The resultant solution is nesslerized and compared colorimetrically with 

a similarly treated standard urea solution. 
The only special apparatus necessary is two test tubes, each graduated at 









CLE ey 








nine and ten cubie centimeters. 

‘ Solutions.—Tungstie acid: To 80 ¢.c. of water add 16 ¢.c. of N/12 sulphurie 
acid volumetric solution. Mix and add 2 ¢.c. of 10 per cent sodium tungstate 
solution. The sodium tungstate is of the ‘‘Special’’ grade. Urease solution: 
15 gm. of Jack bean meal and 5 gm. of Permutit are placed in an Erlenmeyer 
flask. A mixture of 16 ¢.c. of aleohol and 84 ¢.c. of water is added. This is 
shaken continuously for ten minutes, then allowed to stand 18 hours in a re- 
frigerator, after which it is filtered and kept in the refrigerator. Phosphate buf- 
fer: Dissolve 14 gm. of sodium pyrophosphate and 2 gm. of metaphosphorie acid 
in water and dilute to 250 ¢.c. Urea stock solution: Dissolve 0.1286 gm. of urea 
in water and dilute to 200 ¢.c. Urea standard solution: Dilute 5 ¢.c. of the stock 


*From the Laboratories of the Graduate Hospital University of Pennsylvania. 
Received for publication, November 16, 1931. 
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urea solution to 100 ¢.c. with distilled water. 5 ¢.c. is equivalent to 0.075 mg. of 
urea nitrogen. Nessler’s solution. 

Method: Pipette 9.8 ¢.c. of the tungstie acid solution into a 15 ¢.e. centrifuge 
tube. Cleanse the end of the patient’s finger with aleohol and when the skin is 
dry, prick with a blood lancet. Using a 0.2 ¢.c. serologic pipette (that delivers to 
the tip) collect 0.2 ¢.c. of blood. Deliver it into the tungstic acid solution, rinsing 
the pipette with the same. Stopper the tube and mix thoroughly. Allow to 
stand a few minutes, then centrifuge. 

Transfer 4 ¢.c. of the supernatant fluid to a small test tube. Into a similar 
test tube pipette 1 ¢.c. of urea nitrogen standard and 3 ¢.c. of water. To each 
tube add 3 drops of urease and 3 drops of the buffer solution. Incubate both 
tubes in a water-bath at 50° C. for 10 minutes. At the end of this time transfer 
the contents of each tube to a tube graduated at 9 and 10 e¢.c., rinsing the first 
tube with distilled water and diluting to the 9 ¢.c. graduation. Add Nessler’s 
solution to the 10 ¢.c. graduation and compare colorimetrically in a Dubosque 


type of colorimeter. 
Caleuiation: If the unknown is set at 15 mm. then the reading of the stand- 
ard multiplied by 14 or 1.25 gives milligrams of urea nitrogen per 100 ¢.c. of 


blood. 
The following results were obtained, using Karr’s method on venous blood 
and this micro method on blood obtained from a finger prick. 


KARR’S METHOD KELLER ’S METHOD 
RESULTS EXPRESSED IN MG. PER 100 C.Cc. OF BLOOD 

10.0 10.0 

Baa 12.1 

14.8 14.6 

15.0 15.0 

13.5 13.3 

11.8 11.6 

12.0 12.0 


CONCLUSION 
A micro method for blood urea nitrogen is offered which checks with methods 
using larger quantities of blood. 
REFERENCE 


1. Karr, Walter G.: A Method for the Determination of Blood Urea Nitrogen, J. Las. & 
CuiIn. MED. 9: 329, 1924. 





THE DETERMINATION OF CALCIUM AND PHOSPHORUS IN SALIVA*t 
Frances Krasnow, Pu.D.. MAXweut. KarsuHanx, Po.D., ano Laura E. KReEJCI, 
Pu.D., New York, N. Y. 

NTEREST in the relationship of calcium and phosphorus in saliva to dental 

deeay necessitated an investigation of the various procedures for the estima- 
tion of these substances. 
CALCIUM 


The most adaptable methods appeared to be either the ashing process as re- 
cently described by Leonard® for saliva caleium or the precipitation of caleium 
after preliminary treatment with trichloracetic acid, In carrying out the former 
technie we found a fine pellicle of calcium oxalate on the surface of the super- 
natant fluid after washing the precipitate of caleium oxalate with NH,OH. (The 
same effect is obtained when calcium is determined in an HC! solution of ashed 
bone or teeth, and in other inorganie¢ solutions.) The surface pellicle was lost 
when the supernatant fluid was decanted, resulting in a somewhat lower caleium 
recovery, as we shall demonstrate presently. During the process of ashing all 


protein or other organic material was removed, so that when the ash was dis- 


solved in HC}, the resulting solution had no colloidal components. We felt that 
ihe calcium oxalate particles need some **binder’’ in order that they may form 
an adhering mass. ‘To effect this, we precipitated the calcium in the HC! solu- 
tion obtained from the ash with saliva saturated with ammonium oxalate. The 


TABLE | 


RECOVERY OF CALCIUM BY DIFFERENT METHODS 


MG. CA IN 100 C.c. OF CA SOLUTION 


SAMPLE NUMBER 
5 6 


\. Preeipitation with am 
monium oxalate 


Precipitation with am- 
monium oxalate-saliva 


’. Precipitation with am 
monium oxalate-albu- 
min 


. Precipitation with am- 

monium oxalate and 

addition of acetone 

before NH,OH wash- 

ing . oO | | 6.0 | 6.0 


*From the Department of Biological Chemistry, College of Physicians and Surgeons, and 
School of Dental and Oral Surgery, Columbia University. 

*This work has been conducted with the aid of a grant from the Commonwealth Fund fo! 
research in dental caries. 

Received for publication, December 15, 1931. 
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latter was prepared by adding to 10 ¢.c. of freshly collected saliva one gram of 
finely ground ammonium oxalate. This mixture was shaken for two hours and 
centrifuged. The decanted supernatant fluid is the ammonium oxalate-saliva 
used. The results are often higher, and one is spared the anxiety that the calcium 
oxalate precipitated in one step is being lost in the next. The comparison is 
brought out in Table I (A and B) and in Table II. 

The calcium solution mentioned in the table contained 0.1498 gm. CaCOs, 
0.5265 em. KH2PO, and 0.0709 gm. MgSO, -7H2O in 1000 ¢@.c. of a 0.4 N solution 
of HCl. There were, therefore, 6 mg. Ca, 12 mg. P and 0.7 mg. Mg in 100 ee., 
which are average figures for these constituents in saliva. 


TABLE II 


DETERMINATION OF CALCIUM BY DIFFERENT METHODS 


MG. CA PER 100 ¢.cC. OF 





SAMPLE NUMBER 
Precipitation with am- 
monium oxalate 


Precipitation with am- 
monium oxalate-saliva 








TABLE III 
DETERMINATION OF CALCIUM BY DIFFERENT METHODS 


MG. CA IN 100 C.c. OF SALIVA 





SAMPLE NUMBER 
| | 41 42 
Precipitation with | | | 
ammonium oxa- 
late-saliva | 4.! D. , ” a. 8.0 
Precipitation with| 
ammonium oxa-| 
late-albumin = so- 
lution | 5. oS 3 | 49 | 55 | 7.9 


| 














To avoid the collection. of saliva, an ammonium oxalate-albumin solution was 
substituted for the ammonium oxalate-saliva. The albumin solution was prepared 
as follows: To 10.0 ¢.e. of a fresh albumin solution was added one gram of finely 
eround ammonium oxalate and the mixture shaken for two hours. The super- 
natant fluid obtained after centrifugation was successfully used for precipitat- 
ing caleium as ealeium oxalate. This is demonstrated in Table I (C) and 
Table ITT. 

It was later found that the addition of acetone to the calcium oxalate precipi- 
ite before washing it with ammonium hydroxide prevented pellicle-formation 
vy reducing the surface tension. That this procedure yields accurate results is 
brought out in Table I (D) which gives caleium recovery values for the calcium 
solution previously used. 

The deseription of the method as finally recommended follows: 10 ec. of 
saliva in a 40 ¢.e. platinum crucible are evaporated to dryness on a steam bath. 
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The residue is carefully charred over a low gas flame and then ignited in a fur- 
nace at 600 to 650° C. for one hour. After cooling, the ash is dissolved in 3 e¢.c. 
HCl (0.4 N) using 1 ¢.. at a time. Each portion is successively transferred to 
a 10 ¢.c. volumetric flask with another pipette. The crucible is then washed 
three times with approximately 2 ¢.c. of water for each washing and transferred 
in the same way as was the HCl. Water is added to make 10 c.e. 

Five cubic centimeters of this solution in a 15 ¢.c. conical centrifuge tube are 
adjusted to Py 5.9 using 0.1 ¢.c. of 0.04 per cent bromeresol purple as the indica- 
tor.!. The adjustments are made with 5, 0.25, and 0.05 N NH,OH, and 1, 0.1 and 
0.01 N HCl until a lavender-gray color is obtained. Three cubic centimeters of 
4 per cent ammonium oxalate solution having a Py of 5.9 are added, allowed to 
stand for one hour, and centrifuged for ten minutes at about 1300 r.p.m. The 
supernatant fluid is carefully decanted. The tube is drained on filter paper for 
five minutes and the rim wiped. The precipitate is thoroughly mixed with 
0.5 e.e. acetone, then 3 ¢.c. NH,OH (2 ¢.c. concentrated NH,OH to 98 ¢.c. HeO) 
are added in such manner that the whole surface of the tube is washed thoroughly. 
The mixture is gently agitated. After centrifuging for five minutes at 1300 
r.p.m., the supernatant fluid is poured off. Again 0.5 ¢.c. acetone is added fol- 
lowed by 3 ¢.c. NH,OH carefully washing the sides of the tube without disturb- 
ing the precipitate, and the centrifuging and draining described above repeated. 
The calcium oxalate in the centrifuge tube is mixed well with a few drops of 
N H.SO, and then 2 ¢.c. are added washing the tube at the same time. The 
titration is carried out with 0.005 N KMnQO,.* The following blank is subtracted 
from the titration figure: 1.5 ec. HCl (0.4 N) + 3.5 «ec. H2O. The Py is ad- 
justed as in the determination, 3 ¢.c. ammonium oxalate solution are added and 
all the steps in the above description carried out. 

The mg. Ca per 100 ¢.c. of saliva may be obtained from the equation: 


¢.¢c. standard sodium oxalate solution 


= : ; : x. 0.02 x 40/2 x R x 20 = X. 
e.c. KMnO, used as titration equivalent Peer 





R = number of ¢.c. KMnO, used in titrating the sample minus blank. 
40/2 = equivalent weight of calcium. 


DETERMINATION OF CALCIUM WITHOUT ASHING 


While experimenting with the ashing method for the determination of e¢al- 
cium, we tested the possibility of estimating calcium in saliva without previous 
ignition. The following technic was evolved. 

To 8 ¢.c. of saliva in a 15 ©. conical centrifuge tube are added 2 c.c. of 
CCl;COOH (30 per cent by volume). The mixture is stirred with a fine rod, 
stoppered and allowed to stand for ten minutes. After centrifuging for five 
minutes at 1300 r.p.m. any pellicle that may form is removed with a fine capil- 
lary pipette. The supernatant fluid is decanted into another 15 ¢.e¢. conical 
centrifuge tube. (If measurements are not made immediately, the tube should 
be tightly stoppered. ) 

Five cubic centimeters in a 15 ¢.c. conical centrifuge tube are adjusted as in 

*The 0.005 N KMn0Os is prepared by diluting a stock 0.1 N solution. The diluted solution 
should be standardized with each set of determinations against 0.02 N sodium oxalmte. 


(0.134 gm. sodium oxalate is dissolved in 100 c.c. HeO containing 0.5 c.c. HeSO.« of specific gravity 
1,84.) 
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the ashing method to Py 5.9; 3.0 ¢.c. of a 4 per cent ammonium oxalate solution, 
previously adjusted to Py 5.9 with dilute oxalie acid or dilute NH,OH, are 
added. The mixture is allowed to stand for two hours and centrifuged for ten 
minutes at about 1300 r.p.m. The procedure from this point parallels that in 
the ashing method except for the blank. For this purpose, the remaining portion 
of the supernatant fluid is treated exactly as outlined above, omitting the addi- 
tion of ammonium oxalate. 

The ealeulation for calcium determined by direct precipitation is the same 
as that for ashing technic. It must not be overlooked, however, that the aliquot 
used in the former is equivalent to only 4 ¢.. of saliva. (In the formula, 25 is 
substituted for 20. ) 

It is interesting to note how closely the results obtained by the two methods 
check each other (Tables IV and V). 


TABLE IV 


DETERMINATION OF CALCIUM IN ASHFED AND UNASHED SALIVA 





| MG. CA PER 100 C.c. 








SAMPLE NUMBER 




































































4c | 4d | 5e |5d | 7a | 8a | 8b | 8e | 8d | 9a | 9b | Ye | 9d 
Determination on ashed 
saliva 43 |4.4 149 15.1 |46 14.7 | 5615.5 15.1 | 44 | 4.7 | 4.5 | 4.7 
Determination on  un- 
ashed saliva 42 |43 | 4.7 |5.0 | 4.8 | 4.7 | 5.7 | 5.4 | 5.0 | 438 | 4.7 | 45 | 4.7 
TABLE V 


DETERMINATION OF CALCIUM IN ASHED AND UNASHED SALIVA 














MG. CA PER 100 C.c. 





SAMPLE NUMBER 
10b| 11a! 11b!| 12a] 12b] 14a} 14b| 15a]16a | 17a| 17b| 18a| 19a} 19b 





























Determination on 


ashed saliva 3.9| 5.8] 6.1] 4.7] 4.9| 4.7] 4.9] 4.5 | 4.1] 4.7] 4.9 | 5.3 | 4.7] 4.0 


| 


Determination on 


unashed saliva 3.8} 5.9| 6.3] 4.6 | 4.7] 4. 4.3 | 3.6| 4.7] 4.6] 5.2 | 4.4] 4.4 


“I 
on 
> 















































The figures obtained by precipitation of calcium from the supernatant fluid 
reproduce those obtained by the ashing technic so closely that the results appear 
as though they were duplicate determinations carried out by the same method. 
Besides greatly curtailing the time necessary for each analysis, direct. precipita- 
tion of calcium eliminates the need for a muffle furnace and platinum crucibles. 
It is therefore, to be preferred to other methods. Especially is this true when a 
large number of samples have to be handled. 


PHOSPHORUS 


There was a choice of two methods; that of Fiske and Subbarow? which is 
short and simple, and that of Tisdall* which although more difficult, is applicable 
when only very small quantities of material are available. Both of these methods 
gave comparable results when applied to a HCl solution of ashed saliva (Tables 
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VI and VII, compare same sample numbers). However, when the analyses were 
carried out by the Fiske and Subbarow method, the results obtained on the ash 
solution differed markedly from those obtained on the supernatant fluid after 
trichloracetie acid treatment (Table VI). On the other hand, by using the Tis- 
dall procedure on these solutions, close checks were obtained (Table VII and 
Table VIII1). 







TABLE VI 
DETERMINATION OF PHOSPHORUS BY FISKE AND SUBBAROW METHOD 














MG. P PER 100 ¢.c. SALIVA 











SAMPLE NUMBER ; 
2a 












Ash solution | 10.9 | 9.6 
CCl,COOH supernatant fluid 8.3 | 7.2 6.3 6.6 












TABLE VII 
DETERMINATION OF PHOSPHORUS IN UNASHED AND ASHED SALIVA 






















(TISDALL METHOD) 


ld | 2a 3a | 3f | 3k | 5e | 5d 6a 








SAMPLE NUMBER | ————— 



















Unashed saliva | 10.8| 11.2 10.4} 10.4} 11.8} 13.9] 17.2] 10.1] 89 | 11.0 

















© 
“a 


10.4 9.9 | 11.1 | 13.5 | 16.8 9.0 10.9 









| 
Ashed saliva 10.6 | 10.8 10.0 









TABLE VIII 
DETERMINATION OF PHOSPHORUS IN UNASHED AND ASHED SALIVA 

















MG. P PER 100 C.c¢. 
(TISDALL METHOD) 








9.1 | 8.8 9.4 8.7 8.8 | 12.1 14.1 10.5 10.5 13.7 


; Ashed saliva 8.8 | 8.9 9.3 8.8 9.3 11.4 13.9 10.6 10.5 13.4 
| | 











10b lla 1lb 12a 12b l5a 1l6w 17a 18a 19b 








sum omer 


SAMPLE NUMBER | 
Unashed saliva | 
| 








In applying the Tisdall technic to the supernatant fluid after trichloracetic 
acid precipitation 0.5 ¢.c. is used, and the process is continued as directed in the 






original description.‘ 





SUMMARY 










It has been show that calcium and phosphorus can be determined on unashed 
saliva. The results check very closely those obtained on a hydrochloric acid solu- 
tion of saliva ash. The method recommended for the determination of calcium 

) in ashed saliva is probably applicable to the determination of calcium in other 

; biologie material. 
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AN OPERATING TABLE FOR SMALL ANIMALS* 


W. H. Scuuurz, Pu.D., BAuTIMorE, Mp. 


IG. 1 illustrates a tablet that has been used in the pharmacology laboratory 

for the past three years. It will hold rats securely in place while making 
intravenous injections or during major surgical operations under anesthesia. 
The method of tying the animal in place as well as releasing it at the conclusion 
of an experiment provides both for speed of manipulation and certainty of action. 

The top of the table is 18.5 by 32 by 2 em. and stands 6.5 em. high. In each 
corner of the top there is a spring clip for holding the leg strings at whatever 
tension desired. Each clip is constructed as follows: A brass sleeve 20 mm. 
long, O. D. 11 mm. and a bore of 7.25 mm. is forced into place through a hole 
in each corner of the board. Through this brass cylinder passes a 7 mm. brass 
rod, 45 mm. long. In the upper end of the rod is cut a notch and on the end just 
over the notch there is a 10 mm. cap. (See Fig. 1-L, a.) The lower end of this 
movable rod is likewise fitted with a 10 mm. cap (LF, f) and between the cap and 
the surface of the board is a spring (EF, e). This spring forces the upper end of 
the movable rod into the brass cylinder until the cap fits tightly against the end 
of the eylinder and if a cord is drawn into the notch it is held firmly in situ upon 
releasing the thumb pressure upon the lower cap. (See Fig. 1-B, s and v.) 
The spring is similar to those used in door locks and is made of spring wire, 
No. 16 or 17, Band S gage. 

Fig. 1-B illustrates the manner of operating the string holder just described. 
A double cord (¢) of suitable thickness is looped around the leg of the animal 
(Fig. 1 B, v) drawn into position and passed through the notch of the string 
holder (B, b) and the thumb removed so that the spring draws the rod down upon 
the eord (Fig. 1-B, u, v). After first setting all four strings attached each to 
one leg respectively of the animal and thereby approximating its desired position, 


final adjustments are made by simply pressing the string holder upwards and 
adjusting the leg strings. Finally wrap the cord once around the notch (Fig. 
1-B, s) and let the string holder seat itself by removing the thumb pressure. 

If the springs are strong enough this precaution of winding the string once 
around the movable post is not necessary. So it is well worth the trouble to make 


vood strong springs of phosphorus bronze spring wire. The notch will then grip 

the cord tight enough to hold it where placed even when pulled at vigorously. 

\nimals, therefore, stretched out properly upon the operating board, even 

though struggling vigorously can not draw the leg strings through the gripping 

otch of the string holder. 

When releasing an animal, the thumb is placed upon the lower cap and by 

pressure the piston is trust upwards and the notch releases the string. Then 
*Department of Pharmacology, University of Maryland. 

*The mechanical details that are responsible for the appearance and working efficiency of 

e animal boards is due to the excellent workmanship of Mr. Will G. Harne, demonstrator and 

hanie of the Department of Pharmacology, School of Medicine of the University of Maryland, 
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by means of a pair of tweezers the loop on the leg is released, slipped off, and the 
animal removed. The strings are left in place threaded through the notch for 
future use. 

A second type of animal board is much more simple in construction. The 
string clips of this board are illustrated in the insert, Fig. 1-4. In many respects 
this board is more convenient for holding small animals like rats and mice. It 
presents flat surfaces with no obstructing supports, hence, when no stands or 
other obstructions upon the laboratory desk need be straddled, this board is very 


convenient. 
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Fig. 1 


It is made of good quality spruce or white pine, 12 to 15 mm. thick. For 
‘ats the top is 18 by 30 em. For mice and frogs, the top may be reduced to 14 by 
20 em. In each corner is fastened a piece of phosphorus bronze spring wire 
No. 14, B and S gage) about 35 mm. long. The end of this wire is rounded. 
Seven millimeters from each end the wire is bent so that the straight portion of 
the original wire is resting upon a plane surface the upturned ends will subtend 
an angle of about 10 to 15° with the plane surface or with the straight portion of 
wire projected along this surface. (See Insert Fig. 1-A.) 

One wire each is then fastened in each respective corner of the board by 
means of a staple, so that the bent ends of each wire project upwards. Upon 
driving the staple home it grips the middle of the wire and not only holds it in 
place, but also increases the angle between the surface of the board and the up 
turned end of the wire. 
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The leg strings described in connection with Fig. 1-B, ¢, are used in the 
same manner, except that instead of passing the string through the notch 
(Fig. 1-B, b) the string is foreed between the wire and the board. If it is neces- 
sary to make doubly certain that the string will not slip, then it is wound once 
around the fastener, thereby making use of both ends of the wire to grip and 
hold the leg string in place. When made properly these string-grips are very 
efficient, they not only hold the string firmly but admit of quick adjustments, 
rapid fixation, and equally rapid release. 





THE KAHN PRECIPITATION TEST: THE USE OF A SINGLE TUBE 
WITH THE OPTIMUM PROPORTION OF SERUM AND ANTIGEN* 


Leon C. Havens, M.D., AND FANNIE CuHesnutT FRANk, B.S., 
MontTGoMery, ALA. 

— original precipitation test! consisted of a single mixture of serum 

and antigen. Subsequent modification? has resulted in the routine use of 
three different antigen serum proportions. The reasons for making the test 
with different amounts of antigen, as stated by the author,* are twofold: (1) dif- 
ferent serums and different stages of syphilis have different optimums for pre- 
cipitation; (2) the three tube test gives, to some extent, at least, a quantitative 
result. Kahn statest that five or more tubes would be better, but three were 
selected for practical reasons. Any quantitative element which might be elicited 
is, however, nullified by the practice of reporting a single result, obtained by 
averaging the readings of the three tubes. Furthermore, Kahn*® has proposed 
an additional quantitative test which more closely approximates a titration of 
the serum on the basis of ‘‘reacting units.’’ 

Levine® has recently proposed the omission of the 3:1 serum antigen mix- 
ture, and, on the basis of a two tube test reading, has reported results, from 500 
positive serums, nearly identical with the three tube readings. He points out at 
least one definite advantage, namely, the elimination of a large number of doubt- 
ful (1+) reactions. 

A quantitative test may have a place in the clinical or hospital laboratory 
where close contact with the patient is possible, and where serologic observations 
ure desirable during treatment, but it has no place in a public health laboratory 

hose chief function is the detection of syphilitic infection. Particularly is this 
‘ue if a complement fixation test is included in conjunction with the precipita- 
tion reaction, one serving as a check upon the other. Under these conditions, a 
ue tube precipitation test, utilizing that ratio of serum to antigen which gives 
ie most specifie results, would be sufficient. 

It is obvious that the proportion which yields the highest degree of spec- 
‘icity lies somewhere between 3:1 and 12:1. The former usually gives a nega- 
‘ive result except with strongly positive serums, while the latter yields, in our ex- 


*From the Laboratories of the Alabama State Board of Health, 
teceived for publication, December 8, 1931, 
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perience, about 5 per cent more positive results than does the Kolmer comple- 
ment fixation technic, indicating that a proportion of serum to antigen much 
greater than this would be too sensitive. 

In order to determine the comparative results obtained by the use of a single 
mixture of antigen and serum or a combination of two different mixtures, the 
results in each of the three tubes in 1000 positive serums have been recorded 
These have been compared with each other and with the results of 
There were 209 
The 
The 


separately. 
the three tube test and the two tube reading proposed by Levine. 
serums which gave different degrees of precipitation in the three tubes. 
other 791 serums yielded the same amount of precipitation in each tube. 


differences are summarized in Table I. 


: TABLE I 
209 SerRuMS GIVING DIFFERENT DEGREES OF PRECIPITATION WITH VARIOUS 
SERUM ANTIGEN MIXTURES 


RESuLts WITH 








THREE TUBE RESULT TWO TUBE RESULT ON®= TUBE RESULT NO. OF SERUMS 
(6:1 AND 12:1) (12:1) 
ee eS ee ee 9. a 2 
1+ 2+ 2+ 54 
1+ 2+ 3+ 22 
2+ 3+ 3+ 49 
2+ 3+ 44 15 
2+ 4+ 4+ 1 
3+ 4+ 4 66 





Total Differencee—1 and 3 tube—209-—20.9% 
Total Differenecee—2 and 3 tube—207—20.7% 
Total Difference—1 and 2 tube— 39— 3.9% 





There were 72 specimens which yielded a greater precipitation in the 12:1 
‘ratio than in the 6:1 tube. Seventeen were negative and 29 were 1+ in the 6:1 
Ten (1 per cent) were 1+ in the 12:1 


proportion but positive in the 12:1 tube. 
3 tube test. 


proportion, while 88 (8.8 per cent) gave a doubtful result in the 
These results indicate that the optimum ratio of serum to antigen is more than 
6:1, and probably in the neighborhood of 12: 1. 

There were no qualitative differences in this series. 
tive difference obtained between the two and three tube results was a change of 
1+ in the result, from 1+ to 2+, 2+ to 3+, or 3+ to 4+. These results are in ac- 
cord with those reported by Levine.® Furthermore, the 12:1 result was stronger 


The greatest quantita- 


than the three tube average by a 2+ amount in only 38 specimens. 

There were only 39 serums which yielded a greater precipitate in the 12:1 
ratio alone than in the average of the 6:1 and 12:1 tubes, this was never a dif- 
ference of more than 1+. When the results of the two tube test and the one tube 
(12:1) test are compared with the standard test, the differences are immaterial. 
209 in the one tube and 207 in the average of the two tubes. 

Such differences as those which have appeared in this series of tests ar 
entirely within the limits of error of the technic. In a series of over 500) 
syphilitic serums which have been examined independently by each of our eigh* 
branch laboratories, all using the same antigen, prepared by the Central Labora- 
tory, differences as great as those obtained in this series of tests, were reportec. 
In the case of weakly positive serums, particularly, in the hands of differer 
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serologists, even qualitative differences, as well as those merely of degree, may 
be obtained, when the three antigen proportions are used. This indicates that 
the personal element has not been eliminated as a factor in this test, and, further, 
that the use of the optimum ratio of serum and antigen for specific precipitation 
is preferable to the practice of averaging the results of several mixtures. 

The following conclusions, therefore, seem justified : 

1. The optimum mixture of serum and antigen for specific precipitation is 
approximately 12:1. This proportion apparently holds for the great majority, 
at least, of all specimens. 

2. The use of this optimum ratio alone or of an additional one (e.g. 6:1) 
also, does not vield falsely positive results. On the other hand, the doubtful 
(1+) results are reduced from 8.8 per cent (in this series) to 1 per cent. 

3. It seems apparent that the use of one tube. using a 12:1 proportion of 
serum and antigen, in conjunction with a dependable complement fixation reac- 
tion, constitutes a valuable qualitative test for syphilis, to the reliability of which 
nothing is added by the use of additional serum antigen proportions in the 
precipitation test. 

REFERENCES 
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AN APPARATUS FOR QUICKLY MEASURING THE SPECIFIC GRAVITY 
OF BODY FLUIDS* 


C. C. Gururiz, Pxa.D., M.D., Pirrspuren, Pa. 


| ptensseert was aroused in the apparent practicability and value of such a 
method by Barbour and Hamilton’s description of their method in 1924." * 
Essentially it consists of measuring the falling time of a small drop of blood or 
other watery liquid in a tube of immiscible liquid of known specific gravity, as 
chloroform, benzol, or, as reeommended by Barbour and Hamilton brombenzene 
xylene mixture. The great advantage of the latter mixture against the earlier 
ones tried, as chloroform-benzene, xylene or gasoline, is their relatively great 
stability of gravity even after considerable exposure to evaporation. 

Burette-like tubes measuring 16 by 400 mm. are used, the falling time be- 
tween two marks 30 em. apart being measured. The liquid is measured and 
placed in the gravity mixtures by means of a simple straight pipette, the liquid 
discharging by gravity, and the quantity being measured between marks. Each 





apparatus carries three tubes of the mixtures having gravities of 1.010, 1.020, 
and 1.040 which covers the maximum and minimum ranges of blood and serum 
(Fig. 1). By more than five years study of the method in use by students, it is 
clear that in comparison with other methods for evaluating blood conditions, as 
red cell count, and hemoglobin by various methods it stands first from every 
standpoint. And calculations of red cells, hemoglobin, ete., from comparison 
tables prepared from actual findings on bloods of known composition, show un- 
expected accuracy. 

The method is not automatic or proof against misuse, but it is comparatively 
simple and rapid; and accurate within the limits of application recommended. 
Like any other method it requires reasonable attention to keep in good order; 
such as proper washing of the pipettes, and occasional testing of the gravity of 
the mixtures with the standard gravity solutions. 

The compact form shown in the figures ineludes a split second timer, which 
much experience has proved to be at least as accurate as the average moderate 
priced Swiss laboratory stop watch. 

The one handed pipette controller likewise has proved very efficient and 
satisfactory. 

In making a test but a moment is required to insert a pipette into the con- 
troller and rinse it with concentrated sodium citrate solution. 

The ear or finger is then punctured in the usual manner from which time 
the test is completed and the thermometer and table read in not more than one 
minute (Table 1). Sinee the pipette is calibrated between two marks, and from 
the lower mark to the point, a second or control test can be made from the one 
filling. 


*From the Department of Physiology and Pharmacology, School of Medicine, University 
of Pittsburgh. 
Received for publication, January 7, 1932. 
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Fig. 1.—Hemo-gravimeter or an apparatus for measuring specific gravity of watery fluids. 

A. Front View: 1, Iron base; 2, cover locking-nuts; 3, enamelled wooden support; 4, 5, 6, 
ass tubes containing gravity mixtures; 7, 8, supporting and timing rings; 9, tube caps; 10, 
ermometer; 11, table and chart holder; 12, timing device; 13, sand reservoir; 14, observation 
ndow ; 15, metal tap; 16, start and stop lever; 17, adjusting and stop screw; 18, glass measur- 
g tube; 19, millimeter scale; 20, friction rotating support. 

B. Back View: 1, Ring handle for carrying; 2, space for mounting tables and charts; 
pipette holder with pipettes; 4, citrate rinsing solution; 5, pipette controller; 6, standard 
sting solutions (bottles not shown); 7, back of timer; 8, observation window. 

C. Cover, with carrying handle, in place. 
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TABLE I 
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MEDICINE 


EQUIVALENT SPECIFIC GRAVITY FOR A GIVEN FALLING TIME; 1. E., A Drop FALLING 
IN 11” aT 29° IN TuBE I, WouLD HAVE A SPECIFIC GRAVITY OF 1.029. 


296 
290 
283 
277 
270 
264 
258 
253 
249 
245 
242 
238 


235 


Be 


323 
320 


| 24° 25° | 26° | 97° 28° | 29° 
1.0 to each reading. | 
| | | 290 
| 294 | 285 | 275 
300 =| «290 280 | 270 260 
|} 296 286 | 27 267 | 257 248 
285 275 =| «= 266 255 | 247 238 
276 265 256 246 | 237 230 
266 | 256 247 238 | 230 | 222 
259 | 248 240 230 so 06|l |6804 
253 | 242 233 224 215 | 206 
246 235 | 227 218 09 =| «200 
240 230 =| 220 212 202 =| 194 
234 224 | 215 206 197 187 
229 219 | 210 201 193 | 183 
224 214 | 205 197 189 180 
220 | 210 201 193 184 | 175 
215 | 205 198 190 180 | 170 
212 | 202 195 186 177. | 167 
208 | 199 192 182 173 | 164 
205 197 189 179 170 ~| 160 
TUBE II. SP. GR.—1.0200 

SP. GR. AT TEMP. INDICATED 
24° 25° 26° | 27° | ae 
467 455 | 445 | 435 | 427 420 
447 436 | 425 | 417 410 402 
429 419 | 410 | 400 395 387 
414 404 | 391 | 8388 382 375 
401 391 | 385 | 377 | 372 365 
390 | 381 | 375 #'| #367 ~& | «#362 355 
380 | 372 | 365 | 358 | 353 347 
371 | 364 356 | 350 | 345 339 
364 | 356 349 343 | 337 331 
357 | 349 | 342 336 «©| 330 | 323 
351 343 336 330 323 | 317 
345 | 337 330 324 317 | 310 
340 | 333 325 | 319 312 | 306 
336 =6| 329 321 314 | 306 300 
332 325 317 | 309 | 301 295 
327 320 | 312 | 305 | 297 292 
323 316 308 | «6300 | (293 287 
320 312 | 305 | 296 | 289 284 
317 309 | 301 | #292 | 285 280 
314 306 | 298 | 289 | 282 277 

| | | 


TUBE I. SP. GR.—1.0100 





SP. GR. AT TEMP. INDICATED 
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JBE III. SP. GR.—1.0400 


SP. GR. AT TEMP. INDICATED 
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By consulting the comparative chart, the gravity finding may be translated 
into terms of approximate hemoglobin content, sediment volume or red cell 
count (Fig. 2). 

Only a moment is required to rinse the pipette with citrate solution and to 
dismount it and return it and the controller to their places. The apparatus is 
provided with a cover and handle for carrying. Its dimensions are 4 by 4 by 18 


inches and weighs five pounds. 
Further details of technic and evaluation studies will be presented in a pa- 
per by MeLain, Lauler, and Heintzelman. 


REFERENCES 
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2. Barbour, H. G., and Hamilton, W. F.: Falling Drop Method for Determining Specific 
Gravity; Clinical Applications, J. A. M. A. 88: 91, 1927. 





A RAPID PARAFFIN TECHNIC*t 
W. L. McNamara, M.D., Hines, IL. 


HILE the commonly employed methods for paraffin impregnation of tissues 
following rapid dehydration are suitable for surgical diagnoses, they cannot 
be used for minute histologie study or photomicrography. This is due to shrink- 
age of the tissue with resultant distortion and loss of cell definition. 
The necessity for a rapid method, yet one which would permit of detailed 
histologie study arose during a period of insufficient technical assistanee and led 
to experimentation along these lines. This resulted in a method, which, in our 
hands, has given highly satisfactory results and has been adopted routinely in 
this laboratory to the exclusion of all other methods. 
The procedure is as follows: 
10 per cent formalin fixation. 
Cut pieces for section 2 mm. in thickness. 
80 per cent alcohol fifteen minutes. 
95 per cent alcohol forty-five minutes (40 x as much solution as 
tissue ). 
Acetone ec. p. for fifteen minutes. Pour off and add 40 x as 
much fresh acetone as tissue for seventy-five minutes. 
Paraffin (hard 54°) in oven one hour. One paraffin only is 
used. 

Imbed and section. 

In removing paraffin from slide preceding staining, one xylol 
only is used. 

The usual staining processes may be employed. 

Sections are blotted following graded aleohols and cleared with 
some essential oil (cloves, origanum, ete.). 

*From the Clinical Laboratory and Laboratory Center and Cancer Center. 


Received for publication, December 21, 1931. 
‘Published under R. & P. 6969 U. S. Veterans’ Administration. 
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The secret of success in this method lies: 

1. In the avoidance of any of the commonly used clearing agents (xylol, 
chloroform, toluol, benzol, ete.). 

2. The least possible time in oven heat. The clearing agents and prolonged 
heat are the factors largely responsible for tissue shrinkage. 


: When no clearing agent other than an essential oil is used, paraffin impreg- 
nation takes place rapidly and is complete in less than one hour, thereby obviat- 


ing long continued oven heat. Acetone, being highly volatile, is rapidly driven 





off by the heat of the oven; hence, there is no necessity for more than one change 








of paraffin. 
4 The preceding technic carefully followed, results in rapid dehydration and 
paraffin impregnation with a minimum of tissue shrinkage and cell distortion. 
a 
A PRACTICAL STAINING METHOD FOR INTESTINAL PROTOZOA* 
r 
3 H. Tsucutya, Sc.D., Sr. Louts, Mo. 


A* CONTRASTED with the time-consuming procedures employed for secur- 
ing permanent preparations of intestinal protozoa by means of iron-hema- 
toxylin stain, the following method is found to be simple, rapid and efficient, 
especially when protozoa are required to be stained quickly for diagnostic work. 

The technic is described as follows: 

1. Smear a bit of stool on a clean slide, and make a thin moist film (thin 
enough to read newspaper print through) by using a drop of normal saline as 
diluent. Keep the preparation moist at all times during this and subsequent 
steps. This is vitally important. 

2. Fix immediately in warm Schaudinn’s fiuid (65 ¢.¢c. of saturated HgCl, 
and 35 ¢.e. of 95 per cent aleohol to which 3 ¢.c. of glacial acetic acid is added be- 
fore use, and this is heated to 60° ©.) for ten minutes in case of trophozoites and 
fifteen minutes in case of cysts. 

3. Remove sublimate by immersing for ten minutes into 70 per cent alcohol 
to which several drops of the tincture of iodine are added. 

4. Wash in running tap water for one minute. 

5. Mordant in a 4 per cent aqueous iron alum (ferric ammonium sulphate) 
for twenty minutes. 

6. Wash in running tap water for three minutes. 

7. Shake off the excess water from the slide and immediately apply Wright’s 
‘tain in a similar manner as for blood smear; i.e., one minute with Wright’s 
i tain and five minutes after an addition of equal number of drops of distilled 
water, 

8. Wash in running tap water for one minute, and shake off the excess water 
irom the slide. 


*From the Department of Bacteriology, Immunology, and Public Health, Washington 
niversity School of Medicine. 
Received for publication, January 7, 1932. 
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9. Dehydrate by graded alcohol: fifteen seconds each in 70 per cent, 95 per 
cent, and absolute alcohol. 

10. Clear in two changes of xylol for three minutes each. 

11. Apply a coverslip gently over a drop of neutral balsam, and leave in an 
incubator at 37° C. until examined. 

Contrary to the hematoxylin methods, this method does not require dif- 
ferentiation of Wright’s stain by means of a mordant, the process of which is 
considered difficult by those who are inexperienced. Furthermore, Wright’s 
stain gives a very clear picture, and enables one to recognize readily the struc- 
tural characteristics of an organism in question. Such may be well illustrated by 
the nuclei of various endamebae in which the karyosome, chromatin granules, and 
linin network are brought out in dark blue color against a pinkish background 
of eosin. 

By virtue of the simplicity and the brevity of time spent for the technie to- 
gether with vivid color contrasts of various structures, this method can advan- 
tageously be employed in a final diagnosis of intestinal protozoa, whenever it is 
difficult to determine with certainty the species present. 
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LEUKEMIA: Proteolytic Leukocytic Enzyme in, Cooke, J. V. Arch. Int. Med. 49: 836, 


1932. 


The following method was used: 

At approximately the same time that a total and stained differential leucocyte count 
is made, a sample of venous blood is placed in a test tube with a small amount of powdered 
sodium oxalate to prevent clotting. The total volume having been marked on the tube, the 
specimen is then centrifuged and the supernatant plasma removed and discarded, care 
being used to avoid taking away any cells. The cells are then washed three times in 0.85 
per cent salt solution to get rid of the last traces of serum, and after the last washing the 
same solution is added to the tube until the original volume is reached. This is well shaken 
to distribute the leucocytes evenly, and 3 ¢.c. samples are placed in large test tubes with 
a volumetric pipette. These are treated as follows: (1) Control: To this tube is added 
21 ¢.e. of distilled water, 3 ¢.c. of a 10 per cent solution of sodium tungstate and 3 ¢.c. of 
two-thirds normal sulphuric acid. After shaking and filtering, the nonprotein nitrogen is 
determined on a sample of the filtrate and the milligrams of nonprotein nitrogen per hun- 
dred cubic centimeters calculated. (2) Protease activity in neutral medium. After the 
addition of 7 ¢c.c. of water and a small quantity of toluene, the tube is incubated at 57° C. 
for five days. Then 3 ¢.c. of a 10 per cent solution of sodium tungstate, 3 c.c. of two- 
thirds normal sulphuric acid and 14 ¢.c. of water are added and the nonprotein nitrogen 
determination made on the filtrate. 

The procedure outlined is the well known method of Folin and Wu and the determina- 
tions of nonprotein nitrogen are carried out by acid digestion and nesslerization, as usual. 
The results are all expressed as milligrams of nitrogen per hundred cubie centimeters of 
blood. 

Samples of blood without leucocytes obtained by taking only the lowermost layers of 
cells after washing with salt solution by centrifugation show no evidence of proteolytic 
activity. 

In chronie myeloid leucemia the blood protease was found to be considerably increased. 
Although the readings usually varied in direct relation to the leucocyte count, there were 
certain exceptions suggesting that the protease activity of these cells might vary under 
certain conditions. 

In the single case of chronic lymphoid leucemia studied the blood protease was 
lecreased. 

In acute lymphatic leucemia, both high and low values for blood protease were found. 
\n analysis of twenty determinations made on twelve patients indicates that the non- 

anular leucocytes in acute leucemia may have a rather high protease activity, comparable 
that of the granular cells, but that this protease content becomes markedly decreased 
the late stage of the disease. A similar decrease in protease activity of these cells ac- 
panies toxie periods, shown by fever and prostration, which may occur in the course of 
© illness. 

The fact that the abnormal nongranular leucocytes of acute leucemia may contain 
indant protease, even though their enzyme content may be decreased in certain stages 
the disease, is interpreted as evidence that these cells should be considered more closely 
lated to the granular myelocytes than to the true lymphocytes, and that their origin is 
the bone marrow and not in the lymphatic system. It seems probable that the essential 

“te of disturbance in acute (‘‘lymphatic’’) leucemia is the bone marrow and not the 


iphatie system. 
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MENINGITIS: Tuberculous, Levinson Test in, Gleech, M. Am. J. Dis. Child. 42: 1077, 


1932. 


The author considers the test of corroborative value. 


BLOOD SEDIMENTATION: Practical Value of, Cutler, J. W. Am. J. Med. Se. 183: 645, 
1932. 
Based on a study of 5000 patients the following conclusions are drawn: 
DISEASES GROUPED ACCORDING TO SEDIMENTATION RATES 
With an Abnormal Sedimentation Rate 
1. Chronic infectious disease, such as tuberculosis and syphilis. 
2. Acute infectious diseases, such as pneumonia, septicemia, acute endocarditis, the 
exanthemata and acute bronchitis. 
3. Malignancy. 
4. Localized suppurations, such as pelvic inflammatory disease, suppurative mas- 
toiditis, suppurative sinusitis, enipyema of the gall bladder, bronchiectasis. 
5. Acute intoxications, such as lead and arsenic poisoning. 
6. Certain endocrine disturbances, such as thyroid toxicosis. 
INFLUENCING THE SEDIMENTATION RATE VERY LITTLE IF AT ALL 
1. Simple catarrhal inflammations, such as acute catarrhal appendicitis, simple rhi- 
nitis and colitis. 
2. Chronie ulcerations of small extent, such as gastric or duodenal ulcer. 
NOT INFLUENCING THE SEDIMENTATION RATE 
1. Functional diseases, such as the various neuroses and neurasthenia. 


2. Certain nervous diseases, such as dementia precox. 


3. Foeal infections, such as absecessed teeth, diseased tonsils and chronic sinusitis. 


4. Metabolic diseases, such as uncomplicated diabetes and essential hypertension. 
5. Allergic diseases, such as asthma and hay fever. 

6. Most skin diseases. 

7. Simple growths, such as fibroma, lipoma, and fibromyoma. 


8. Simple cysts. 

9. Chronic valvular disease of the heart. 
ECLAMPSIA: Serum Calcium in, Anderson, D. F. Brit. 7. Exper. Path. 18: 182, 19352. 

Eighty-two per cent of the 44 eases of eclampsia investigated showed subnormal 
serum calcium values, that is, 9 mg. per 100 ¢.c. and under. 

Fifty-nine per cent of the 17 cases of nephritic and preeclamptic toxemia were as- 
sociated with a subnormal serum calcium. 

Seventeen per cent of the 35 cases of normal pregnancy at full time, in labor, and 
shortly after delivery had serum calcium values lower than normal. 

Thirty-one other cases, mainly of complicated pregnancy, were examined in respect 
of their serum calcium level. 

From the available data, it is impossible to assess the effect of injections of caleium 
gluconate, intravenously or otherwise. In the doses given, 10 ¢.c., it has no abrupt effect 


on the frequency of the fits. 


BILIRUBINEMIA: Qualitative and Quantitative Estimation of, Greco, A. Diag. e Tech. 
di Lab. 2: 925, 1931. 
Greco describes a modification of Doddi’s method as follows: 
Reagents: 
10 per cent solution barium chloride 
N/10 alcoholic solution potassium hydroxide 
Concentrated sulphurie acid 
Doddi’s reagent: 
Potassium isoparanitrodiazobenzol 5 parts 
Distilled water 1000 parts 
Must be freshly prepared. 
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METHOD 

To 7 c.c. of fresh acid urine add 3 ¢.c. of barium chloride solution. Mix, centrifuge, dis- 
card supernatant fluid and wash the precipitate several times with distilled water. Add 2 e.e. 
of potassium hydroxide solution and shake for one minute. Centrifuge and deecant super- 
natant fluid to a clean tube. 

Add 6 drops of freshly prepared Doddi’s reagent and 0.5 ¢.c. of sulphuric acid. Bilirubin 
gives a sudden reddish purple color turning purple and become more intense in a few seconds. 

The test is sensitive to 1:1,000,000. 

The reaction may be made quantitative by using a special diagram adjusted to the 
Autenreith colorimeter. 


PRECIPITATION TEST: A New Kahn Antigen Mixer, Gurchot, C. Science, 75:. 340, 1932. 


The materials used are as follows: 
1, A specimen vial 4 inch inside diameter by 2% inches long. 
2. One rubber stopper No. 3 with 2 holes. 

3. A 1 inch funnel with a stem 4 inches long. 

4, A 1% inch right angle glass tube, 4% inch inside diameter. 

5. A piece of rubber tubing 9 inches long by *4 ineh diameter with glass tubing 
mouth piece. 

The end of the funnel is heated until the hole is 4% mm. in diameter. When inserted 
through the rubber stopper and the vial closed the funnel stem should almost touch the bot- 
tom. For greater stability the base of the vial can be held in a No. 9 rubber stopper. 

The antigen is put into the vial first. After the stopper is replaced, gentle suction by 
mouth or otherwise is applied by means of the rubber tube connected with the right angle glass 
tube. This causes bubbling through the antigen. Now the salt solution is poured into the 


2 


2 or 3 drops per second. The entrapped air between the 


funnel one drop at a time, say 
drops does the mixing of the salt solution with the antigen in the vial. If mechanical suction 
is used and also a dropping funnel, it is possible to reproduce the mixing exactly each time 
and standardize the emulsion with great accuracy; something almost impossible with the 


mixers in general use. 


MENINGOCOCCUS STRAINS: Observations on the Serological and Immunological Reac- 
tions of, in Relation to Serum Production, Kirkbride, M. B., and Cohen, S. M. 
(Author’s abstract). 


In a study of meningococcus strains made in connection with the production of thera- 
peutic antimeningococcus serum, the results of the classification of 441 strains received from 
1916 through 1930 were summarized as follows: Of 115 strains received from 1916 through 
1927, 8.7 per cent were Group I, 33 per cent, Group II, 24.3 per cent, Group III, 0.9 per cent 
Group I or III, and 33 per cent, Group ‘‘X.’’ Of 326 strains received from 1928 through 
1930, 24.5 per cent were Group I, 3.9 per cent were Group II, 15.3 per cent, Group IIT, 28.2 
er cent, Group i or III, and 27.9 per cent, Group ‘‘ X.’’ 

No strains belonging to Group IV were found in this series. However, since strains of 
lis group had been isolated in a recent epidemic in this country, a comparison of several 

roup IV strains was made. The American Group IV, as represented by the federal standard 
rain, did not appear to be related to the English Group IV according to the results of ag- 

slutination tests. A strain isolated in this country in 1928 was found to be allied with both 
‘federal and English strains and may represent a broad group which includes all three. On 
sunt of their limited incidence, it is questionable whether Group IV strains are essential at 
sent in the production of therapeutic sera. 

A polyvalent serum produced with six carefully selected strains, representative of 
oups I, II, and III, appeared to possess valency for the majority of the strains classified as 
up **X’’, whieh ineluded strains not specifically agglutinated by the monovalent group 
i. 

The strains of Groups I and III which gave group specific serologic reactions when 
ected as standard strains in 1919 have become, as a result of long continued artificial culti- 

on, very closely related in agglutination and agglutinogenic reactions. However, since cer- 
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tain freshly isolated strains are agglutinated specifically by either Group I or Group III sera, 
it is considered important for purposes of therapeutic serum production to continue to recog- 
nize both groups. Federal standard strains of Groups I and III were also found to be closely 
related. They did not, however, correspond closely in serologic reactions to state standard 


strains of the same groups. 

None of seventeen recently isolated meningococcus strains received from epidemic 
centers, was apparently markedly superior antigenically, as determined by the agglutinative 
titers of sera produced in rabbits, to the state standard strains used for more than thirteen 
years in serum production. 

Further laboratory study and clinical data are required before the present state strains 
are replaced by recently isolated strains in the routine production of the therapeutic serum. 


URINE: A New Method of Staining Urinary Sediment, Fiorentino, M. Diag. e Tech. 
di Lab. 2: 847, 1931. 
Fiorentino deseribes a method: devised by himself as follows: 
Reagents.— 
I. The following stock solutions are needed, all being stable. 
a. Saturated aqueous solution of methyl violet. 
b. Saturated aqueous solution of toluene blue. 
ce. Saturated aqueous solution of nile blue (sulphate). 
d. Saturated aqueous solution of cresylecht violet. 
II. Sudan III (powder). 
IIT. A 10 per cent solution of sodium chloride to which is added 30 per cent of acctone: 


NaCl 200 gm. 
Distilled water 1400 ¢.e. 
Acetone 600 @.e. 


The formula for the staining solution is as follows: 


Stock solution a 0.4 ee. 
Stock solution b 3.0 @.e. 
Stock solution ¢ 3.6 ¢.e. 
Stock solution d 60.0 ¢.e. 


Acetone-chloride solution 133 see. 


Place in a well stoppered bottle, add Sudan III to saturate, shaking at frequent inter- 
vals for ‘‘several’’ days. 

Allow the undissolved Sudan IIT to settle, decant the supernatant fluid and filter rapidly 
through a double filter well moistened with the acetone chloride solution. Add to the filtrate 


20 «ec. of the acetone chloride solution. 


Method.— 

To a minute drop of sediment on a clean slide add a large drop of the stain and mix 
rapidly with a glass rod, smearing the mixture at the same time with a rotary motion. 

Apply cover-glass and examine. 

A eolored plate shows the staining reactions. 


COLLOIDAL GOLD SOLUTION: Method for Preparation of, Levine, B. S. Am. J. Syph. 
16: 103, 1932. 


The glassware required: Two 1000 c¢.c. florence flasks so built that 1000 ¢.c. of fluid does 
not quite fill their bulbs; two 10 ¢.c¢., one 5 ¢.c., and one 1 ¢.c. pipettes; one 1000 ¢.c. and 
one 500 ¢.e. cylinder graduates. 

The reagents: Gold chloride, 1 per cent solution; potassium carbonate, 2 per cent solu 
tion; formaldehyde fresh, 1 per cent solution; hydrogen peroxide solution, absolutely fresh. 
All chemicals must be of the highest degree of purity, and the solutions must be prepared wit! 
the utmost degree of accuracy. 

Cleaning of glassware: Fill the florence flasks and the cylinders with aqua regia; sub 
merge the pipettes into this cleaning mixture in one of the cylinders and let stand over night 
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The following morning pour the aqua regia into the storage bottle and rinse the glassware in- 


side and out twice with carefully prepared singly distilled water, taking care to remove all 
the acid vapor. Now, fill the flasks and the cylinders with a 1 per cent solution of Na,CO, 
made with singly distilled water and submerge the pipettes into one of the cylinders. Rinse 
the glassware with this alkaline solution inside and out thoroughly. Pour the carbonate solu- 
tion into the storage bottle and rinse the glassware twice with singly distilled water. The 
same procedure of cleaning should be applied to the bottles in which the reagents are made 
up, to the tubes in the test proper, and to the glassware used for making the distilled water. 
This step of glassware cleaning is essential and should be followed out scrupulously. 

Preparation of the gold sol: Measure into each of two florence flasks, cleaned as de- 
scribed above, 500 ¢.c. of carefully prepared doubly distilled water. Heat one flask to 90° 
and the other to 60°. Remove from the flame. To the flask heated to 90° add 10 e.e. of the 
1 per cent gold chloride solution. Heat for about one minute. Remove from the flame. Add 
7 c.e. of the 2 per cent potassium carbonate solution. Shake until the golden yellow color com- 
pletely disappears. 

To the florence flask containing the 500 ¢.c. of doubly distilled water heated to 60° add 
5 ¢.e. of the 1 per cent formol solution. Shake well. Now, with the 1 ¢.c. pipette add to this 
flask from one to three drops of absolutely fresh hydrogen peroxide. Shake the contents to 
insure thorough distribution of the reagents. Rapidly and with constant shaking add the 
formol peroxide solution to the gold carbonate solution. Continue shaking until the reac- 
tion is complete. 

The progress of the reaction is rapid and is denoted by the successive appearance of 
three colors: First, a light violet; second, a blue to dark blue; third, a rose red to ruby red 
with a tinge of blue. Occasionally the completion of the reaction is more direct and the blue 
color does not appear. Aurosol thus prepared appears transparent by transmitted light and 
decidedly laky by reflected light. Five mils of it become completely decolorized by 1.7 ¢.c. of 
a 1 per cent NaCl solution within fifteen to sixty minutes. With cerebrospinal fluids such 


aurosol gives regular results of the proper sensitiveness and reliable constancy. 


STAIN: Method for Spirochetes and Moulds With Anilin Dyes, Olsen, R. E., and Weller, 
Cc. V. Am. J. Syph. 16: 113, 1932. 


A. Phosphomolybdic Acid-Dye Method for Smears.— 


1. Dry unfixed smear preparation by flaming gently. 
2. Immerse in a saturated aqueous solution of phosphomolybdie acid at 50° to 65° C, 
for thirty to sixty minutes. 

3. Wash off in distilled water for a few seconds. 

4. Immerse in the staining solution at 50° to 65° C. for thirty to sixty minutes. Carbol- 
fuchsin, carbol iodine green, and Unna’s alkaline methylene blue are recommended but many 
other basie aniline dyes may be used. 

5. Wash off in distilled water, dehydrate in absolute alcohol, transfer to xylol, and 
nount in Canada balsam, or after washing simply dry by blotting and mount in balsam. 

B. Phosphomolybdie Acid-Dye Method for Cover Slip Sections of Fixed Tissues.— 

1, Cut paraffin sections about ten microns thick and mount on clean cover glasses with 
ilbumin fixative. 

2. Dry in oven at about 40° C. for two to twenty-four hours. 

3. Remove paraffin in xylol and transfer through absolute aleohol to distilled water. 

4. Proceed with the method given for smear preparations. 


TUBERCULOSIS: Parenteral BCG Vaccination, Kerezturi, C., Park, W. H., and Shick, B. 
Am. J. Dis. Child. 43: 273, 1952. 


The following conclusions are advanced from this study: 
Intradermal B C G vaccination is superior to the subcutaneous type, because if the tech- 
is correct no cold abscess develops. On the other hand, hypersensitiveness to tuberculin 
curs a little more frequently and lasts somewhat longer when the subcutaneous method is 


mployed. 
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In 87 per cent of parenterally vaccinated patients hypersensitiveness to tuberculin de- 
veloped either temporarily or for a longer period. 
The use of both the subcutaneous and the intradermal methods of B C G vaccination has 


been harmless. 





CANCER: The Bendien Test for, Freeman, M., et al. Med. J. Australia, 11: 778, 1951. 
From a study of this test in 277 eases the authors conclude that the reaction is non- 


specific and unreliable. 


BRUCELLA GROUP: Serological Differentiation of Smooth Strains, Wilson, G. S., and 
Miles, A. A. Brit. J. Exper. Path. 13: 1, 1952. 


As a result of the work recorded in the present paper, and in a paper by Pandit and 
Wilson (1932), it is concluded that the Brucella group contains members which may be pri- 
marily classified into smooth and rough. 

The smooth strains, comprising abortus of bovine and porcine origin and melitensis, are 
non-thermo-agglutinable, and though sometimes agglutinated slightly by acid, are not ag- 
glutinated by salt. The rough strains, comprising paraabortus and paramelitensis are thermo- 
agglutinable, are agglutinated strongly by acid, and not infrequently by salt. 

In their typical forms smooth and rough strains have no serologic relationship, though 
intermediate strains occur containing both smooth and rough antigen. 

3y the use of sera prepared against absolutely smooth strains, it is possible by the ag- 
glutinin absorption technic to divide the smooth members into two types, one type containing 
bovine and poreine abortus, the other type containing melitensis strains. 

Evidence is brought to suggest that the distinction between abortus and melitensis strains 
is due, not to the presence of qualitatively different antigens, but to the different quantita- 
tive distribution of two common antigens. 

Provided due regard is paid to the relationship between the absorbing dose and the 
titer of the serum, monospecific sera can be prepared in which the major agglutinin of the 
type alone persists. By means of these sera unknown strains of the Brucella group can be 
rapidly typed by direct agglutination. 

The results of testing one hundred strains by monospecific sera are recorded, and with 
a single exception afforded by a group of strains from a particular locality, are seen to be 
in close accord with conclusions reached on epidemiologic and other grounds. 

The rough strains have not been fully studied, but it appears that there is at least one 
untigen common to all paraabortus and paramelitensis strains. 

It is suggested that the reason why so many previous workers have failed to differenti- 
ate serologically between abortus and melitensis is because they have not realized the im- 
portance of using absolutely smooth strains for the preparation of their sera. Since melitensis 
strains have a marked tendency to become rough in the laboratory, it is, as a rule, difficult to 
obtain satisfactory sera against the melitensis type unless recently isolated strains are used. 
Unless perfectly smooth strains are employed, the resulting sera will contain some rough ag- 
glutinin, which will tend to obscure the clear differentiation of the types. 


BILIRUBINEMIA: The Diazo Reaction as a Quantitative Procedure, White, F. D. Brit. 

J. Exper. Path. 13: 86, 1932. 

The following new standard is described: 

One and three tenths grams of anhydrous cobalt sulphate are dissolved in 50 ¢.e. of dis- 
tilled water. To this is added gradually, with shaking and cooling, 40 c.c. of concentrated 
hydrochlorie acid (sp. gr. 1.19), and the solution made up to 100 ¢.c. with distilled water. As 
the acid is added the color of the solution changes to a bluish violet, which gradually reverts 
to a more reddish violet, the permanent hue. For this reason the solution should be prepared 
twenty-four hours before use, and kept well stoppered and out of contact with light. Pre- 
pared thus, the solution is apparently stable; it has been tested repeatedly during a period of 
three months, and has invariably shown the same azobilirubin color value. Further, the color 
intensity of the solution is proportional to the concentration of cobalt salt, and consequently 
weaker or stronger standards can be prepared by dissolving the appropriate amounts of the 
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sulphate, adding 40 ¢.c. of concentrated hydrochloric acid, and making up to 100 ¢.¢., although 
the color is such that stronger standards are not recommended. 


MENINGITIS: New Reaction in Spinal Fluid, Friedman, A. P. Arch. f. Psychiat. 95: 


273, 1931. 


To 1 ce. of freshly withdrawn cerebrospinal fluid, 1 drop (0.05 ¢.c.) of a 1 per cent 
aqueous solution of potassium permanganate is added, and this mixture is well shaken. In 
normal cerebrospinal fluid or in patients with organic disorders of the central nervous system 
without involvement of the meninges, the mixture has a light violet color and this color per- 
sists, even if from 2 to 3 drops of a 20 per cent solution of trichloracetie acid is added. 
However, in cases of meningitis the violet color changes a few seconds after addition of the 
potassium permanganate solution to a rose yellow and to a brown yellow; and if tri- 
chloracetie acid solution is then added to the cerebrospinal fluid of purulent meningitis the 
reaction goes still further: the potassium permanganate becomes more deacidified. The mix- 
ture becomes light yellow and finally entirely colorless with simultaneous clouding and sedi- 
ment formation. In other forms of meningitis the latter changes are not noted. 


B. MUCOSUS INFECTION of the New-Born, Jampolis, M., et al. Am. J. Dis. Child. 43: 70, 


1932. 


An outbreak of infectious diarrhea developed in a nursery for the newborn. This out- 
break spread insidiously. A latent period of two months elapsed after the first few cases 
appeared. 

The constitutional symptoms, severe intoxication, dehydration and prostration, were out 
of proportion to the relatively mild diarrheal symptoms. 

The stools averaged about six daily. They were watery and contained mucus but no 
blood or pus, except in one case. 

The mortality was high in spite of the usual accepted treatment for anhydremie 
intoxication. 

Apparently the offending organism was B. mucosus, the virulence of which may have 
been enhanced by symbiosis with anhemolytic streptococci. B. mucosus was isolated from the 
nasal secretions, stomach contents, stools and intestinal mucosa in a large number of the cases. 
None of the usual organisms causing infectious diarrhea, such as the typhoid-dysentery groups, 
were found. 

The primary and outstanding pathologie findings in the fatal cases consisted of acute 
enteritis, the mucous membrane of the ileum being red, swollen, finely granular and covered 
with reddish-gray mucus. Microscopie examination showed the mucosa to be infiltrated with 
polymorphonuclear leucocytes and lymphocytes. A few shallow ulcers were found, and the 
lymphoid tissue was hypertrophied. However, there was a relative absence of involvement 
of the colon, which probably accounts for the comparatively few diarrheal stools and the ab- 
sence of pus and blood. 

In only a few instances was there evidence of parenteral infection. In a few babies 
terminal bronechopneumonia and otitis media developed. Cultures from discharge of the ears 
ind the lungs in these cases revealed the same organisms as were found in the intestinal 
esions, namely, B. mucosus and anhemolytic streptococci. 

Repeated cultures from the throat and stool of three nursery maids revealed practically 
pure cultures of B. mucosus. When these nursery maids were relieved of their duties in the 
ursery, the outbreak promptly subsided, and there has been no recurrence during the past 

ne months. Cultures from two of these girls became negative a few weeks after tonsil 
ctomy. The third one refused operation, and the cultures remained positive. 

For the past few years pediatric literature has contained numerous accounts of out- 
reaks of diarrhea similar to the one described here. They are usually attributed to parenteral 
ifections, for the most part, respiratory diseases and otitis media. The parenteral infec- 
on is usually held responsible for the severe general symptoms, and the diarrhea is con- 
dered secondary and incidental. The investigations reported in this article apparently point 
ut that diarrhea accompanied by marked prostration, dehydration and intoxication may be 
ue to primary enteritis even though the stools do not show pus or blood. 
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The outstanding features reported are: (a) B. mucosus, as the etiologic agent in severe 
infectious diarrhea, (b) nursery maids as carriers, (c) the relative absence of parenteral in- 
fections, and (d) the absence of the bloody purulent stools that are considered characteristic 


of infectious diarrhea. 


AGRANULOCYTOSIS: Myeloid Cell Hyperplasia in Bone Marrow, Fitzhugh, T., and 
Krumbhaar, E. B. Am. J. M. Se. 183: 104, 1952. 


Myeloeytes and myeloblasts were found in the bone marrow at necropsy in more than 
whose antemortem blood count 


normal numbers in a case of typical ‘‘agranulocytic angina’’ 
was 200 white cells per ¢. mm. (all lymphocytes), i. e., a marked absolute reduction of lympho- 
cytes and absence of all other white cells. 

Based on this and similar cases recorded in the literature, objection is raised to the cur- 
pathologie mech- 


rent hypothesis of ‘‘ granulocytic aplasia’’ as constituting the ‘‘ primary’ 
anism of the disease, and in its place_an hypothesis of ‘‘maturation arrest’’ is proposed for 
consideration and future study. 

Inasmuch as there is an absolute reduction of lymphocytes in the blood stream as well as 
of neutrophils and on account of certain analogies with pernicious anemia, designation such as 
pernicious leucopenia is suggested as preferable to the more widely used names for this 


disease. 


MALARIA: Determination of Quinine in the Blood as a Guide to Treatment, Vedder, 
E. B., and Masen, J. M. Am. J. Trop. Med. 11: 217, 1951. 


Two methods are deseribed as follows: 
METHOD 1. PREPARATION OF REAGENTS AND STANDARDS 


1, A 10 per cent solution of silico-tungstie acid in distilled water. 
2. A 0.5 per cent normal solution of hydrochloric acid. 

3. Quinine standards. A stock solution is prepared containing 200 mgm. anhydrous 
quinine in 1000 ¢.c. of 0.5 N HCl. One eubie centimeter of this solution contains 0.2 mg. 

From this four standard solutions are prepared all dilutions being made with 0.5 N HCl. 

1. Five-tenths cubic centimeter stock solution is diluted to 100 ¢.c. Five eubie centi- 
meters of this solution contain 0.005 or 1 mg. per liter. 

2. One cubie centimeter stock solution diluted to 100 ¢.¢. Five cubie centimeters con- 
tain 0.01 mg., 2 mg. per liter. 

3. Two cubie centimeters stock solution to 100 ¢.c. Five cubie centimeters contain 0.02 
or 4 mg. per liter. 

4. Three cubic centimeters stock solution to 100 e¢.c. Five cubic centimeters contain 
0.03 or 6 mg. per liter. 

These standards cover routine procedure enabling estimations of quinine in the blood 
from 1 to 8 mg. per liter. Higher standards may be prepared as required. These solutions 
deteriorate when exposed to light and must be kept in brown glass bottles. If protected from 
the light they are permanent for at least one year. 

Technic.—A small cirele of absorbent filter paper cut from a thick Whatman extraction 
thimble is placed in the bottom of tube ‘‘a’’ of the extraction apparatus which may be made 
in any laboratory. This tube is then packed with long fiber, acid-washed asbestos to within 
about 2 em. of the top. The asbestos must not be packed too tightly, otherwise the ether will 
not percolate through the blood properly. Neither must the packing be too loose or the 
blood will not be properly absorbed on the asbestos and some will escape to the bottom of 
to prevent blood from flow- 


”? 


the tube into the ether. The constriction is placed in tube ‘‘a’’ 
ing down the walls of the tube thus escaping absorption by the asbestos. 

Five cubie centimeters of oxalated blood is pipetted on to the asbestos of a small pledget 
of cotton placed in the mouth of the tube, which is then inserted in tube ‘‘b’’. Ether is poured 
through the top of tube ‘‘a’’ until at least 5 ¢.c. has percolated into the outer tube ‘‘b’’. 
The extractor is connected to a reflux condenser and is immersed in a warm water-bath up to 
the level of the ether in tube ‘‘b’’. The extraction is then allowed to proceed for two hours. 
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When extraction is complete, the inner tube is removed, and the outer tube containing the 
ether extract is placed in a boiling brine bath and evaporated to dryness. Five cubie centi- 
meters of 0.5 N HCl is added and the tube returned to the brine bath for two minutes to 
facilitate solution of the quinine. The solution is filtered while hot, through a No. 42 What- 
man filter, and the filtrate allowed to cool to room temperature. 

Three standards are prepared equivalent to 2, 4, and 6 mg. per liter by measuring 5 c.c. 
of the proper standard solutions into small test tubes. To each of the standards is added 
0.1 ee. of the 10 per cent solution of silico-tungstie acid, and to 3 ¢.c. of the unknown is added 
0.06 ¢.c. of the same solution. Standards and unknown are then immersed together in a boil- 
ing water-bath for five minutes, after which they are removed and cooled rapidly in running 
water. The unknown is then matched in the nephelometer against the nearest approximate 
standard. 

METHOD 2, PREPARATIONS OF SOLUTIONS AND REAGENTS 

1. Gum Arabic.—Two grams of pure gum arabic (U. S. P. is suitable) is shaken with 
100 ¢.c. of distilled water until completely dispersed. The suspension in a florence flask is 
immersed in a boiling brine bath for one hour to destroy reducing enzymes present in the gum, 
and is then filtered while still hot. On cooling the gum is ready for use, and will keep in- 
definitely if stoppered and kept in a refrigerator. It keeps about two months in the laboratory. 

2. A Stock Standard is prepared by dissolving 100 mg. of pure anhydrous quinine in 
500 ee. of 2 N sulphuric acid saturated with zine sulphate. The working standards are pre- 
pared by diluting the stock solution 1:100, 2:100, 3:100 ete., with 2 N sulphurie acid-satu- 
rated zine sulphate solution. Five cubic centimeters of these dilutions contain 0.01, 0.02, and 
0.03 mg. quinine respectively or 2, 4, and 6 mg. per liter. These standards must be protected 
from the light by brown glass bottles. As the sensitivity of the test is affected by the con- 
centration of the zine sulphate, the zine sulphate-sulphuric acid solution for the preparation 
of the standards should be the same as that used for dissolving the quinine extracted from the 
blood. 

3. Two N Sulphurie <Acid-Zine Sulphate Solution—The purest crystalline - salt, 
ZnSO,.7H.O, should be used. The 2 N sulphuric acid should be saturated with the salt at 
temperatures somewhat below those encountered in the ordinary room temperature, as other- 
wise trouble will be experienced on account of the zine sulphate crystallizing out as soon as 
the room temperature drops. Thus, if the minimum laboratory temperature is 20° C. the 
solution should be saturated at a temperature of 15° to 17° C. and should then be filtered. 

4. Potassium Bismuthous Iodide Reagent.—This is a reagent commonly used in the de- 
tection of alkaloids, and there are a number of formulas for its preparation. The one out- 
lined gave the best results. Place 4.68 gm. of bismuth oxide in 80 ¢.c. concentrated HCl, and 
add water to 300 ¢.c. Then dissolve 20 gm. potassium iodide in water and dilute to 700 ¢.e. 

Technic: Extraction of the blood is performed as described in Method I. As soon as 
extraction is complete and the ether is evaporated, 5 ¢.c. of 2 N sulphuric acid saturated with 
zine sulphate is added, and. the tube immersed in the boiling brine bath for three minutes in 
rder to bring the quinine into solution. The solution while hot, is filtered through a No. 42 
Whatman filter, and, after having cooled to room temperature, an aliquot of the filtrate, 3 ¢.e., 
is measured into a small test tube. In three similar test tubes measure 5 ¢.c. of each of the 
three quinine standard solutions. Immerse both standards and unknown in a cold water-bath 
(20 to 25° C.) for five minutes in order to bring them to the same temperature. Then add 
to the standard 0.1 ¢.c. and to the unknown 0.06 ¢.c. of the gum arabie solution, followed by 
the same amounts of the potassium bismuthous iodide reagent (0.1 ¢.c. to the standard and 
0.06 ee. to the unknown). Mix and compare immediately in the colorimeter, with the stand- 
ird set at 10 mm. The comparisons must be made within two minutes from the time that the 
‘Olutions are mixed, as the color changes on standing. The calculation is made in the usual 
uanner as deseribed under Method I. 

As in most colorimetric procedures, the closer the strength of the standard approximates 
that of the unknown, the more accurate will be the colorimetric matching. However for prac- 

cal purposes it is sufficient to prepare three standards as just described and comparing the 


unknown with the nearest standard. 
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RETICULOCYTES: Staining of, Osgood, E. E., and Wilhelm, M. M. Proc. Soc. Exper. 
Biol. & Med. 29: 53, 1931. 


The following method was found satisfactory with oxalated blood: 

Mix equal parts (5 drops) of oxalated venous blood (or fresh blood) and 1 per cent 
brilliant cresyl blue in 0.85 per cent NaCl solution in a small test tube and allow to stand one 
minute or more. Mix and make a thin smear. This may be counted when dry, or counter- 
stained with Wright’s stain. Count all the red cells, (preferably with a hand tally) in an oil 
immersion field and then count all the reticulocytes in that field. Move to an adjacent field 
and repeat until 1000 red cells have been counted. If the count is more than 5 per cent, only 
500 cells need be counted. The counterstain is necessary if the slide is to be kept for more 
than forty-eight hours. 

This method has many advantages. It is very simple and convenient and consistently 
gives a higher reticulocyte count than the other methods tried. The stain keeps indefinitely 
and need not be filtered before using. The oxalated blood may stand for as long as forty- 
eight hours before the count is made.~- Overstaining does not occur even though the smears 
are not made until two hours after the stain and blood are mixed. The reticulocytes are 
clearly and deeply stained and the red cells are neither crenated nor distorted. The smears 
keep indefinitely if counterstained with Wright’s stain. 

Preliminary studies suggest that bloods of healthy adults will show about 2 per cent 


reticulocytes. 
GOITER: The Blood Picture in, Jackson, A. S. J. A. M. A. 97: 1954, 1931. 


In a study of 600 cases of goiter, the following conclusions are drawn: 

1. The blood picture in hyperthyroidism does not vary essentially from that in the nor- 
mal person. 

2. The differential blood count in hyperthyroidism is not of diagnostic and prognostie 
significance. 

3. There is not a definite relationship between the blood picture and the basal metabolic 
rate. The lymphocyte count is not varied by an inerease or a decrease in metabolism. 

4. The blood count is not influenced by the severity of the disease, considering metabolism 
and weight loss as paramount factors. 

5. A secondary anemia is not typical of hyperthyroidism. 

6. A leucopenia is not characteristic of hyperthyroidism. 

7. Sex and age do not influence the blood picture in toxie goiter. 

8. In spite of clinical improvement, no appreciable change was observed in the blood 
eount following the use of iodine in hyperthyroidism. 

9. The only appreciable change in the differential blood count in goiter was observed 
following thyroidectomy for exophthalmie goiter. An increase in the polymorphonuclear count 
und a decrease in the lymphocyte count occurred. 

The authors do not believe that the blood picture in hyperthyroidism is of any prac- 


tical clinical importance. 


ARTHRITIS: Bacteriologic Investigations in, Dawson, M. H., Olmstead, M., and Boots, 
R. H. Arch Int. Med. 49: 173, 1932. 


The authors repeated the work of Cecil, Nicholls, and Stainsby in a study of 80 patients 
and present the following conclusions: 

1. One hundred and five blood cultures, the majority in duplicate, were carried out on 
80 patients suffering from rheumatoid arthritis according to the technie of Cecil, Nicholls 
and Stainsby. As control material, 31 samples of blood from normal persons and 16 samples 
of sterile autoclaved agar were subjected to similar manipulations. 

2. The blood cultures on patients suffering from rheumatoid arthritis failed to yield 
organisms that could be considered of etiologic significance. 

3. No significant difference was observed in the bacteria encountered in the blood eul- 
tures of patients and those observed during the culture of the control material under similar 


conditions. 
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4, Streptococcus viridans was occasionally encountered during the culture of the con- 


trol material as well as during the culture of specimens of the patients’ blood. 

5. Aerobie and anaerobic cultures of 23 specimens of synovial fluid obtained from ‘pa- 
tients suffering from rheumatoid arthritis failed to yield organisms that could be considered of 
etiologic significance. 

6. Aerobic and anaerobic cultures of 12 subcutaneous nodules obtained from patients 
suffering from rheumatoid arthritis failed to yield organisms that could be considered of 


etiologic significance. 


RETICULOCYTES: The Response of, to Iron, Minot, G. R., and Heath, C. W. Am. J. M. 

Se. 183: 110, 1932. 

A study is presented concerning positive reticulocyte responses to the daily oral admin- 
istration of iron in maximal amounts to patients with anemia especially due to chronic blood 
loss, dietary defects, gastrointestinal disorders and pregnancy and to patients with chronic 
microcytic anemia of obscure origin. 

The height of the reticulocyte rise is in general inversely proportional to the level of 
the red blood cells and hemoglobin directly before treatment, but the relationships are less 
exact for the anemias responding to iron than for pernicious anemia in response to liver or 
potent substitute. 

Infections and other complications hinder the action of iron similar to the way in which 
they hinder the effect of potent material for pernicious anemia. 

Distinct rises of reticulocytes occur with low hemeglobin values in response to iron when 
the red blood cell level is one at which in pernicious anemia insignificant reticulocyte increases 
take place. 

With red blood cells above 2.5 million per ¢.mm. a greater rise of reticulocytes occurs 
in response to maximal amounts of iron than in pernicious anemia in response to adequate 
amounts of potent material; but when the red blood cells are below this number the reticulo- 
cytes rise in response to adequate therapy to a somewhat similar number in the different types 
of anemia. On the contrary, in pernicious anemia as the hemoglobin level decreases below 
about 10 gm. per 100 ¢.c. of blood the rise of the reticulocytes becomes progressively greater 
than in ‘‘secondary’’ anemia, so that it is at least double when the hemoglobin is less than 
about 5 gm. per 100 ¢.c. of blood. 

30th the hemoglobin and red blood cell levels must be considered in evaluating the 
reticulocyte response to iron. For a given red blood cell level the reticulocytes will increase 
more the lower the hemoglobin and the increase of reticulocytes will be greater at a given 
hemoglobin level the lower the red blood cell count. 

The exact type of case responding to iron plays a réle in the degree of reticulocyte 
response. Cases with achlorhydria tend to have a slightly smaller response and to manu- 
facture blood more slowly than comparable cases with free hydrochloric acid in their stomach 
contents. 

The character of the curves yielded from plotting data obtained from daily reticulocyte 
counts in response to iron tend to differ somewhat from those obtained for pernicious anemia 


in response to liver or potent substitutes. 


SPINAL FLUID: Denis-Ayer Method for Estimation of Protein in, Ayers, J. B., Dailey, 

M. E., and Fremont-Smith, F. Arch. Neurol. & Psychiat. 26: 1038, 1931. 

The following modifications of their original method are described: 

METHOD 

Into a test tube 0.6 ¢.c. of spinal fluid is measured. To this are added 0.4 ¢.c. of distilled 
vater and 1 «ec. of a 5 per cent solution of sulphosalicylic acid. The contents of the tube are 
then mixed by inversion (but not by violent shaking) and, after being allowed to stand at 
east five minutes, are read against a standard protein suspension prepared at the same time 
s the unknown. The standard is made by adding to a test tube 3 ¢.c. of a solution containing 
(0 mg. of protein per hundred cubic centimeters and 3 ¢.c. of a 5 per cent solution of sulpho- 


alieylie acid. 
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Standard: Twenty eubie centimeters of normal human blood serum is diluted to 200 e.e. 


with a 15 per cent solution of sodium chloride in a volumetric flask and filtered. This filtrate 
is the concentrated standard. 

The total nitrogen of this filtrate is determined by the macro-Kjeldahl method with 
40 cc. The nonprotein nitrogen is determined in the original undiluted serum by the micro- 
Kjeldahl method of Folin and this figure divided by ten is subtracted from the total nitrogen 
to obtain the protein nitrogen. The protein nitrogen multiplied by 6.25 gives the protein con- 
tent of the cencentrated standard. 

The concentrated standard is diluted with distilled water to make the dilute standard 
containing 30 mg. per hundred cubie centimeters. 

The standards are preserved with a few crystals of thymol and kept on ice except when 
in use. In this way the authors have kept the concentrated standards for more than six 
months and the dilute standards for more than twelve months without appreciable change in 
the protein content. 

Caleulation: 

Reading of the Standard 30 (mg./100 ¢.c. in standard) 
x = mg. protein per 100 e.e. 
Reading of the Unknown (c.c. of spinal fluid used ) 





With the standard set at 8, and with the use of 0.6 ¢.c. of spinal fluid, this is simplified to: 


400 





= mg. protein per 100 c.c. 
Reading of the Uniknown 

It is convenient to construct a table so that the protein values may be read off at a 
glance once the colorimeter reading has been made. 

The authors consider the following as normal values: ventricular fluid, from 5 to 15 mg. 
per hundred cubic centimeters; cisternal fluid, from 15 to 30 mg., and lumbar fluid, from 20 to 
45 mg. Very rarely, they have found higher protein in the lumbar fluid, up to from 60 to 
70 mg. per hundred cubic centimeters, for which no cause could be found. It is possible that 
in such cases there was a pathologie process of the central nervous system which was unrecog- 
nizable clinically, or that normal persons may occasionally have more protein than 45 mg. 
per hundred cubic centimeters in the spinal fluid. 


TUBERCULOSIS: Tubercle Bacilli in the Blood Stream of Rabbits During the Course of 
Infection, Mishulow, L., and Park, W. H. J. Prevent. Med. 6: 95, 1932. 


From two experiments it seems probable that there is rapid localization of the tubercle 
bacilli inoculated into the blood stream, as shown by the tremendous decrease in their number 
hetween twelve and twenty-four hours after inoculation, and the steady decrease up to the 
fourth day. 

The organisms persisted in the blood stream throughout the entire course of the infee- 
tion, although they fluctuated in number from day to day. There was a marked rise in num- 
bers on the day of death. This would justify the conclusion that there is a steady dissemina- 
tion of the tubercle bacilli from the local lesion into the blood stream. 
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Books and Monographs for Review should be sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 








The Human Factor in Industry* 


HIS is an interesting little booklet on the effect of fatigue, monotony, and environmental 
Was such as noise, crowding, light, and ventilation upon output in industry. 

The writer finds that there is a diminution in the amount of work done from hour to hour 
through the day and from day to day through the week. Longer work hours increase the 
frequency of accidents. When workers are at labor which interests them and which they 
like they produce more than when working on something that is distasteful. Some workers 
appear to do better work when they are following their normal rhythm. Machines worked with 
a central motor, in other words always at the same rhythm, at which several persons were 
working, turned out a certain amount of finished material. When this central motor was 
replaced by individual small motors, one for each worker so that each laborer could proceed 
at his work at the rhythm which best fitted him, the output was increased. 

Frequent rest pauses in labor increase the total output. The duration of the rest varies 
with the type of industry. In a steel corporation men were loading ashes, coal and ore with 
the same type of shovel. Naturally, when ore was loaded with the same size shovel that 
was used for loading ashes, fatigue developed much more rapidly. When it was established 
that the size of the shovel should be varied depending on what is being loaded so that the 
weight lifted per shovelful would be the same whether the contents be ashes or ore, the re- 
sults were much better. As a consequence the average amount shoveled per man per day rose 
from 16 to 59 tons and the staff was reduced from 500 to 150 men. 

These and many other most interesting observations appear in the booklet which is the 
outcome of two series of lectures given in the Engineering Department of Glasgow University. 





Chemical Methods in Clinical Medicine} 


HIS book fills rather a unique place. It is not an ordinary textbook of clinical pathology 
te is it purely a treatise on biochemical methods. It stands rather halfway between 
the two. All of the methods described are clinically practical methods but on the whole they 
ire the less used of the clinical procedures. The volume is in essence a reference work in 
vhich one may find the practical methods for making the out-of-the-usual chemical clinical 
laboratory studies. For this purpose it should find its way onto the shelves of all clinical 
pathologists for reference study. While all clinical chemical studies are discussed, especial 
ittention is given to the chemistry of carbohydrate metabolism and the volume should be 
called especially to the attention of those interested in the study and treatment of diabetes. 
Scattered through the book one will find descriptions of numerous little technical laboratory 
ricks which facilitate routine work. 





*The Human Factor in Industry. By E. P. Catheart. C.B.E., M.D., F.R.S., Gardiner 
’rofessor of Chemical Physiology, University of Glasgow. Cloth. Pages 105. Oxford University 
‘ress, American Branch, New York, 1928. 

+Chemical Methods in Clinical Medicine. Their Application and Interpretation With the 
echnique of the Simple Tests. By G. A. Harrison, B.A., M.D., B.Ch. (Cantab.), M.R.C.S. 
Eng.), L.R.C.P. (Lond.). Reader in Chemical Pathology in the University of London; Reader 
nd Lecturer on Chemical Pathology in St. Bartholomew's Medical College ; Chemical Pathologist 
to St. Bartholomew’s Hospital. With 2 colour plates and 63 illustrations. Cloth. Pages 534. 
fhe Macmillan Company, New York, 1930. 4177 
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The Factor of Infection in the Rheumatic State* 


yee is a monograph that will interest those who are making especial study of acute and 
chronic rheumatism. The author develops his thesis by a unique method rarely employed 
in technical medicine but which maintains the interest and sequence most satisfactorily. 

From his study the writer concludes that the rheumatic process is a reaction peculiar 
to susceptible individuals and representing a special type of tissue response to chemical 
substances resulting from disease of the upper respiratory tract. The bulk of evidence ap- 
pears to incriminate the hemolytic streptococcus as an important factor. There is some 
evidence of contagion. Immigrants upon their arrival in New York often experience the 
first attack of acute arthritis. A group of arthritic patients transported from New York 
to Porto Rico were relieved of their recurrent attacks of acute arthritis during their stay in 
the South but the condition reappeared upon their return to New York. The hemolytic 
streptococcus was found in cultures of their throats in New York but not in Porto Rico. 
Studies of nurses entering training indicated that those who developed acute rheumatism did 
so after becoming infected with hemolytic streptococcus. 

Upper respiratory infections appeared to be a most important factor in the genesis of 
the rheumatic state. However, an inherent susceptibility within the individual appeared 


necessary. 


Diet in Disease** 

HIS is a strictly modern presentation of the subject, based upon the author’s experiences 
To the wards, in the Out Patient Department and in the lecture room at Johns Hopkins. 
While diet tables are abundant enough, emphasis is placed upon the principles of dietetics 
in the hope that the reader will acquire sufficient insight to be able to intelligently apply the 
dietary regimen rather than to merely hand out stereotype cards. Digitalis is requisite in 
certain forms of heart disease, but it must be intelligently administered and in varying dosage 
under different circumstances. The same applies to diet in diabetes and to protein restrictions 
in nephritis. There is no doubt that too little attention is usually paid to anything but the 
most general principles in the dietary treatment of many diseases and this book should be a 
distinct aid to those who wish to intelligently supervise the feeding of those of their patients 
who are suffering from specific diseases, and to vary the diet depending upon the actual 
needs of the moment. 

Part I discusses nutritional requirements. Part II gives a very adequate description of 
different varieties of foods and Part III details the principles of treatment of specific 
diseases including deficiency diseases, food allergy, undernutrition, hyperthyroidism, obesity, 
arthritis, fever, anemia, nephritis, heart disease, diabetes, acidosis, gastrointestinal disease, lead 
poisoning, and pregnancy. An appendix describes several of the restrictions of the Jewish 


dietary and gives several useful recipes. 





Laboratory Diagnosis} 


HERE are several points of difference between this volume and the many others on the 
same subject that have appeared within recent years. Well over half of the volume is 
taken up in Part I which deals with a discussion of diseases of the various organs and systems, 


*The Factor of Infection in the Rheumatic State. By Alvin F. Coburn, M.D., Resident 
Physician of the Presbyterian Hospital in the City of New York. Cloth. Pages 288. Seven 
color plates. Abundant case material. Very fully illustrated. The Williams and Wilkins 
Company, Baltimore, 1931. 

**Diet in Disease. By George A. Harrop, Jr., M.D., Associate Professor of Medicine, 
Johns Hopkins University, Associate Physician, Johns Hopkins Hospital. With 80 tables, 
sample diets, and food lists. Cloth. Pages 404. Philadelphia, P. Blakiston’s Son & Co., Inc., 


1930. 

+A Textbook of Laboratory Diagnosis. With Clinical Applications for Practitioners 
and Students. By Edwin E. Osgood, M.A., M.D., Assistant Professor of Medicine and Bio- 
chemistry, Director of Laboratories, University of Oregon, School of Medicine, Portland. 
Oregon, and Howard D. Haskins, M.D., Professor of Biochemistry, University of Oregon, 
School of Medicine. Portland, Oregon. With 21 fifures in the text and 6 colored plates. 
Cloth. Pages 475. P. Blakiston’s Son & Co., Inc., Philadelphia, 1931. 
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and of what positive laboratory observations may be anticipated in these different conditions, 
Part II details the laboratory methods in use by the authors. Since Osgood and Haskins 
have contributed a number of very material improvements and simplifications to routine 
laboratory procedure, especially in the line of practical blood studies, this section constitutes 
a really valuable reference source. 

A distinct innovation is the special index, by diseases, so arranged that the clinician 
may refer to a particular disease under study and find in the index what special laboratory 
investigations should be made in that condition. There is also a general index. There is no 
section on bacteriology or serology. 

The volume should be of interest both to the clinician and to the laboratory worker. 


Tumors of Bone* 

HIS book, published under the auspices of the American Journal of Cancer, has for its 
jpn the presentation of the subject of bone tumors in an orderly and systematic 
manner. 

The book is based mainly upon studies of material from the Surgical, Pathological 
Laboratory of Johns Hopkins Hospital and contains two chapters by Dr. J. C. Bloodgood, 
two as a foreword to the text proper, and concerned with therapeutic measures. The intro- 
ductory chapter on interpretations of clinical findings is by Dean Lewis. 

The twenty-two chapters of malignant neoplasms affecting bone have been systematically 
arranged and classified (and, in some instances re-classified), and reflect a careful and exten- 
sive study, not only of a large amount of clinical material but of the literature as well. The 
views expressed may be taken as matured opinions based upon critical analysis and correlation 
of available data, and, to that extent, as authoritative and representing a consensus of present 
opinion. 

The volume is typographically commendable and excellently and profusely illustrated. 

It is obvious that the price is only possible through the support of the Chemical 
Foundation. The publication is timely and should prove exceedingly useful as a practical 


and valuable reference. 


*Tumors of Bone. By Charles F. Geschikter, M.D., and Murray M. Copeland, M.D., cloth, 
‘9 pages, 406 figures. The American Journal of Cancer, New York. 
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EDITORIAL 


The Leucocytic Reaction of D’Amato in the Study of Disease 

HE phrase ‘‘hemoclastic shock’’ first introduced by Widal and his co- 

workers in connection with their studies of leucocytic reaction to the intro- 
duction of protein, has now an accepted place in medical terminology, even 
though the significance first ascribed to it has been considerably modified. 

The crises hemoclastique of Widal, as is well known, indicates the temporary 
leucopenia consequent upon the ingestion of protein (milk) which he believed 
to be a delicate index of hepatic insufficiency, and while the reaction has not en- 
tirely fulfilled the early claims made for it, the test, at least, has called attention 
to the existence of the phenomenon itself and has led to the application of the 
principle to other studies which, from the reports which have gradually aceumu- 
lated during the past ten or twelve years, appear to be of definite interest and. 
perhaps, of distinet value. 

The concept of a specific hemoclastic crisis in response to the introduction of 
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a specific protein was first advanced by D’Amato in 1921' and later reported 
upon somewhat more fully by D’Amato and de Durante? in connection with a 
study of its occurrence in tuberculosis. 

The reaction is based upon the leucoeytie reaction following the subeutane- 
ous injection of a small amount of tubereulin (one millionth of a gram or less), 
and is conducted as follows: 

A total leucocyte count is made upon the fasting patient and the tuberculin 
injected. Total leucocyte counts are repeated thirty minutes later and every 
thirty minutes for two or three hours. 

According to D’Amato a reduction of 600-800 per e.mm. in the total leuco- 
cyte count constitutes a doubtful reaction ; 900-1000 constitutes a definitely posi- 
tive reaction ; a reduction approximating 2000 is markedly positive; and 3000 or 
over very markedly positive. 

The leucopenia consistent with a positive reaction persists for about three 
hours; is constant in the same individual, as shown by a repetition of the test; 
did not oceur after the injection of proteins other than tuberculin; and was en- 
countered consistently in tuberculosis and was consistently absent in the absence 
of this disease. 

D’Amato believes the reaction analogous in many ways to anaphylactic 
shock and superior to the tuberculin reactions as ordinarily applied, because it is 
equally delicate and, moreover, easily and safely applicable to those cases in 
which focal, general, or febrile reactions are undesirable. 

The D’Amato reaction in tuberculosis has been subject to study by many 
Italian investigators who have largely substantiated the claims made for it, 
among such reports being those of De Bonis,* Sanguigno,t Romito,’ and Mac- 
chiaro.* 

In Italy, therefore, the D’Amato reaction has been rather widely used and 
cenerally accepted as of specific diagnostic value in the study of tuberculosis. 

It has also been applied in principle in the study of various infectious dis- 
eases among them typhoid fever, undulant fever, gonorrhea, pertussis, tinea, 
leishmaniasis, and glanders. 

In typhoid fever and Malta (undulant) fever, the antigen used to provoke the 
reaction is a vaeeine in a dose of twenty to thirty millions per cubie centimeter 
which is injected subcutaneously, a leucocyte count being made before and thirty 
ininutes after the injection. 

In these infections the reaction has been reported upon favorably by numer- 

is workers.” ® ® 19 11, 12, 18 

In these conditions it was noted that the reaction may be quite transient so 
at it may be necessary to repeat it, and also that it was nonspecific in paraty- 
ioid infections, that is, that it occurred with either A or B vaccine regardless of 

‘hether the infecting organism was para A or para B. 

There were indications, also, as noted by Gasparini, that some prognostic 
lue might be attached to the procedure, as the reaction was usually marked in 
nign eases and less intense in severe cases. Testolin and Pujatti speak of the 

\! Amato reaction as giving ‘‘brilliant results’’ in typhoid fever, and found it of 
“lue also in pneumonia (lobar and lobular), streptococcus infections, and gon- 
orvhea, especially in the female. 
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They cite, as an instance of the specificity of the reaction, a positive reaction 
after antityphoid vaccine in a case proved by autopsy to be miliary tuberculosis 
but in which the typhoid bacillus was isolated from the feces, and another posi- 
tive reaction in cholecystitis in which the bile contained typhoid bacilli. 

Equally good results are reported in whooping cough by Fanton,** and in 
tinea by Barboglia,’® in the latter condition the antigen being one cubic centi- 
meter of a 1: 20 dilution of trichophytin in distilled water. From a study of fifty 
eases he regards the reaction as quite specific, delicate, and reliable. 

In leishmaniasis Gatto'® reports the reaction ineonstant except in patients 
who had been intensively treated, which he explains on the basis of destruction of 
the parasites by the treatment and subsequent sensitization by their protein. 

Bonanno'* reports upon the reaction in echinococeus disease, and Bozzelli’® 
upon its occurrence in glanders, while it has also been studied in pregnancy by 
Cappellani,”° Lenzi,2? and Longo,?? and in tumors by Barbera,** Citelli and 
Careo,** and Bossa, and in gonorrheal infections by Mossetti,?* Santoianni,?* and 
Armanino and Bertolotti.** 

Perhaps the greatest interest, however, centers upon the studies made of 
D’Amato’s reaction in syphilis, its application to the diagnosis of this disease be- 
ing suggested by D’Amato*® in 1927. 

The D’Amato reaction in syphilis is applied as follows: A total leucocyte 
count is made upon the fasting patient and 2 centigrams of biniodide of mereury 
injected hypodermically. A second leucocyte count is then made within half an 
hour, not longer, as the reaction may be transitory. The interpretation of the 
reaction is the same as already described above. 

The reaction also followed the intravenous injection of neotropol and neosal- 
varsan, being well marked after the latter. 

In none of the cases tested was any leucopenia produced by the injection of 
ordinary proteins. 

D’Amato reports very consistent results. In 204 cases of known syphilis 
the reaction was positive in 180 or 88 per cent and doubtful in 16, persisting after 
the patient had become seronegative under treatment. 

D’Amato’s report has been followed by a number of others.*°-*# 

In general, his results appear to be confirmed. 

It would appear that the reaction is most consistent following the intra- 
muscular injection of soluble preparations of mereury or bismuth and arsphen- 
amine, and that it corresponds quite closely to serologic results. 

Fanton*' found it especially useful in the study of hereditary and congenital 
syphilis but emphasizes that nonspecific positive reactions may be encountered in 
the presence of endocrine disturbances. 

Gouin, Bienvenne, and Peres*® have recently described a variation of 
D’Amato’s reaction as follows: 

A leucocyte count is first made upon the fasting patient. An immediate in 
jection of antisyphilitic medicament is then administered and a leucocyte coun’ 
made two hours later. 

A leucocytosis (increase of 1000 or more) constitutes a positive reaction. 

According to Gouin and his collaborators a leucocytosis indicates not onl: 
the presence of syphilis but also that it is reacting favorably to treatment whil!: 
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a leucopenia signifies simply the absence of a reaction without distinguishing be- 
tween syphilitic and nonsyphilitie cases. 

In a subsequent paper,** two types of this reaction are distinguished : 

1. ‘‘Reaction of presence,’’ which appears earlier than the serologic reac- 
tions and which Gouin and his collaborators regard as diagnostic of syphilis. 

2. ‘‘Reaction of defense,’’ in which a negative reaction encountered in known 
syphilis indicates that the drug in question will not be efficacious in treatment. 

The difference between the reaction described by D’Amato and that de- 
scribed by Gouin appears to be largely one of interpretation of the results. 

Both reactions have been studied simultaneously by De Blasio,*. and by 
Varga.**? The results of both investigators are in accord and may thus be 
summarized : 

While, until further work has been done, it is impossible to pass any final 
opinion, this much seems fairly well established. 

1. Neither the hemoclastic reaction of D’Amato nor the variant described by 
(jouin are as valuable as the serologic reactions because they are neither as deli- 
eate, as constant, nor as specific. 

2. Both reactions require extremely careful attention to detail to eliminate 
fallacious results due to technical errors. 

3. Nonspecific reactions may occur with both methods. 

4. D’Amato’s reaction is more reliable than that of Gouin. 

In the last analysis it must be emphasized that the leucocyte reaction in 


syphilis must be regarded as only a relative sign of the disease and must be cor- 


related carefully with all the other evidence pro and con. 

Its most apparent and distinct value is as a means of directing attention 
toward the possibility of syphilis in a particular case, a possibility which must be 
determined or eliminated by other and more conclusive methods. 
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